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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements is twelve words or less 5/- and 4d. for every additional word. 
in the case of advertisements in ‘‘Situations Wanted’’ when it is added free of charge. 
Replies to box numbers should be addressed to: 


advertisement. 


London, W.C.2 and marked ‘Electronic Engineering.” 


Morgan Bros. 


in the following issue. 


(Publishers) Ltd., 
Advertisements must be received before the 10th of the month for insertion 


Box number 2/- extra, except 
A remittance must accompany the 
28, Essex Street, Strand, 





OFFICIAL APPOINTMENTS 
acancies advertised are restricted to persons or employ- 
s excepted from the provisions of the Control of 
ngagement Order, 1947. 


IE UNIVERSITY OF SHEFFIELD. 
plications are invited for a post of Lecturer or 
_ sistant Lecturer in the Department of Electrical 
gineering. Salary scales: Lecturer, £550, rising by 
25 every vear, to £650; if the appointment is then 
eiewed, £700, rising by £50 every two years, to £800. 
sistant Lecturer, £450 a year, rising by £25 a year, 
. £500, with superannuation provision under the 
derated Superannuation Scheme for Universities, 
d family allowance. The commencing salary on 
her scale will depend upon the qualifications of the 
sessful candidate. Facilities will be offered for 
zarch. Preference will be given to candidates having 
pme experience in electrical communications work. 
ther particulars may be obtained from the under- 
ed, with whom applications (four copies), including 
hs names and addresses of three referees and, if 
esired, copies of testimonials, should be lodged by 
« acember, 1948. A. W. Chapman, Registrar. 


TERSITY OF BIRMINGHAM Department of 

ical Engineering. Applications are invited for, 

et of Lecturer (Grade 1) in Electrical Engineering 

ulary of £850 to £1,050 per annum, according to 

ations. It is intended that the person appointed 

1 also be appointed Reader in Electro-Magnetism 

. suitable status. Duties to commence, if possible 

January, 1949. Further particulars may be 

tarned from the undersigned, to whom applications 

uid be sent within a fortnight of appearance of this 

ertisement. . G. Burton, Secretary, The 
Iniversity, Edmund Street, Birmingham, 3. 


B.C. invites appiications for an engineering post in 
Acoustics Section of the Research Department 
e ‘nitially at Balham, S.W:12, and later at Kings- 
0 ‘urrey. Candidates must possess a University 
Z in Physics or Electrical Engineering, or 
Wi .ent qualifications, such as Graduate Member- 
of the Institution of Electrical Engineers. The 
tie consist of research on acoustic design of studios 
d iuvolve investigation into acoustical properties of 
aterials and structures. A knowledge of Physics and 
Electronics is necessary. A gocd knowledge of 
ic and some workshops experience would be an 
vantage. The salary is in a grade with annual 
trements of £25, rising to a maximum of £580 per 
num. Applications, stating age, qualifications and 
kperience, should reach the Engineering Establishment 
ficer, Broadcasting House, London, W.1, within 
ven days of the appearance of this advertisement. 


B.C. invites applications for vacancies in the 
levision Transmitter Section of the Designs Depart- 
ent. Applicants should preferably have a degree in 
ectrical Engineering and some experience in modern 
ectronic practice. They should have a good basic 
owledge of the theory of electrical networks and a 
m interest in circuit designs. The salary is in a 
de with annual increments of £30, rising to a 

imum of £680 per annum. Applications, stating 
fe, qualifications and experience, should reach the 
gineering [Establishment Officer, Broadcasting 
buse, London, W.1, within seven days of the 
pearance of this advertisement. 5 


INISTRY OF SUPPLY invites applications from 
tronic Physicists and Electronic Engineers for 
sts in the grades specified below in Research and 
elopment Establishments mainly in Hampshire, 
oscestershire and Kent. The qualifications required 
e from Higher School Certificate or equivalent 
the Experimental Officer grades to a good Honours 
gree for the Scientific Officer grades, Electronics 
perience is essential. Inclusive salary ranges are :— 
ior Scientific Officer, £670-£860 ; Scientific Officer, 
Bo-£620 ; Experimental Officer, £495-£645; 
istant Experimental Officer, £220-£460. Rates 
f women are somewhat lower. Appointments are 
established, but those g rng to Scientific 
cer grades carry F.S.S.U. benefits. Opportunities 
# compete for established posts may occur later. 
ite, quoting A.161/48/A, to Ministry of Labour and 
tional Service, Techni and Scientific Register 
_ York House, Kingsway, London, W.C.2, for 
cation forms, which must be returned by 11th 
tember, 1948. 


4 


MINISTRY OF SUPPLY invites applications from 
Chemists or Engineers for two posts as Experimental 
Officer in a research and development establishment 
near London. The work involves the design and use of 
electronic and other instruments required for the 
investigation of combustion and allied processes. 
Candidates must possess at least the Higher School 
Certificate or its equivalent, and have a sound know- 
ledge of Chemistry, combined with engineering 
experience. Ability to direct industrial staff is 
essential. Inclusive salary range, £495-£645. Rates 
for women are somewhat lower. The appointments are 
unestablished but opportunities to compete for 
established posts may occur later. There are prospects 
for advancement in salary up to £895. Application 
forms obtainable from Technical and _ Scientific 
Register (K), York House, Kingsway, London, W.C.z, 
quoting F.903/48A. 





SITUATIONS VACANT 


THE MORGAN CRUCIBLE CO. LTD., Battersea, 
S.W.11, require a technical assistant aged approxi- 
mately 25, with B.Sc. (Eng.). Should have some 
experience of electronic development work. Write, 
giving details of age, qualifications, experience and 
salary required to The Staff Manager. 


CHEMIST, PHYSICIST OR METALLURGIST 
required as Deputy to Chief Technician for production, 
control and development laboratories in the Swindon 
area, The work is connected with the manufacture 
and development of radio components such as electroly- 
tic condensers, volume controls, iron cores and ceramic 
products. Applicants should have a University Degree 
with several years industrial experience. Salary in the 
region of £650 to £850 per annum, according to qualifi- 
cations. Please reply to Box 381, E.E. 


RADAR ENGINEERS required to operate from 
London headquarters for installation and maintenance 
of marine installations home and overseas. The 
essential qualifications are: practical knowledge of 
electronic circuits and equipment, ability to work 
without supervision after training, and resourcefulness. 
Initial salary according to experience. Box 342, E.E. 


TWO SENIOR DEVELOPMENT ENGINEERS 
required by well known company in Essex. Con- 
siderable experience in theory and design of V.H.F. 
transmitters up to powers of 200 watts or on V.H.F. 
receivers are essential requirements. Applications, 
giving age, qualifications, experience, and salary 
required, quoting Ref. No. 133, to Box 348, E.E. 


DESIGN DRAUGHTSMEN are required by the 
English Electric Co., Ltd., Stafford, for research and 
development work on electronic equipment. Appli- 
cants must have Higher National Certificate or equivay 
lent and shop experience. Salary according to experi- 
ence. Send full details to Central Personnel Services, 
English Electric Co., Ltd., Queens House, Kingsway, 
W.C.2, quoting ref. DO.25. 

RADIO AND ELECTRONIC SENIOR ENGINEER 
required by leading firm of manufacturers. Applicants 
must have extensive practical experience in Technical 
Development of Electronic Equipment, with special 
knowledge of circuit techniques. Post is within twenty 
miles’ radius of London and is progressive. Recognised 
qualifications are desirable, but practical ability is the 
essential factor; age preferably not over 35 years. 
Fares paid for interview. Salary, approx. £450 per 
annum, according to qualifications and experience. 
Written applications, giving date of birth, full details 
of qualifications and experience, etc., and quoting 
reference 439M, should be add to Regional 
Appointments Office, Ministry of Labour and National 
Service, 23, Valpy Street, Reading. 

ELECTRONIC ENGINEERS with Honours Degree 
or equivalent are required for research and advanced 
development work by the Nelson Research Laboratories, 
English Electric Co. Ltd., Stafford. Preference will be 
given to men with sound electrical engineering experi- 
ence. Salary according to qualifications. Apply by 
letter to Chief Administration, Nelson esearc. 
Laboratories, English Electric Co., Ltd., Stafford, 
stating age, experience and academic qualifications. 
RADIO DRAUGHTSMEN required by lone light 
engineering soeyaey situated in North ndon. 
Applicants with knowledge of electronics equipment 
design are preferred, but practical shop and drawing 
office experience is essential. Write, ea age, 
experience and salary required, to Box 366, E.E. 


SENIOR DEVELOPMENT ENGINEERS required. 
Must have good technical training, preferably with 
Honours Degree in Physics or Engineering and Radio 
Laboratory experience. Able to carry through 
development, with assistants, to production stage. 
Salary up to £800, according to qualifications. Apply, 
in writing, to Personnel Department, Murphy Radio, 
Ltd., Welwyn Garden City, Herts. 


GRADUATE IN ELECTRICAL ENGINEERING 
required by company in S.E. London, to take charge 
of work mainly on cable accessories. No previous 
experience in this field necessary, but a knowledge of 
high-frequency phenomena and workshop methods 
desirable. Salary, £500-£700, according to age and 
experience. Candidates with experience in an industrial 
electrical laboratory will have preference. Full 
particulars to Box 386, E.E. 


GRADUATE IN ELECTRICAL ENGINEERING 
or Physics, with radio, required by company in S.E. 
London, to take charge of a small section designing 
and building electronic equipment for specialised 
high-frequency measurements. Experience with 
circuit techniques for frequencies above 100Mc/s. 
essential. Salary, £500-£700, according to age and 


experience. Full particulars to Box 387, E.E. 


DEPUTY DIVISION HEAD required for laboratory 
responsible for development of carrier current telephone 
and multi-channel telegraph equipment. Replies from 
those with suitable experience should give qualifications 
and salary expected. Permanent and_ pensionable 
position with good prospects. Bcx 383, E.E. 

SIEMENS BROTHERS & CO LTD.., Ref. 715/6, 
Woolwich, S.E.18, invite applications for posts as 
Senior Engineers in the line telephone transmission 
laboratory. Suitably qualified applicants only should 
write, stating details of experience and salary required. 


LOW POWER RADIO TRANSMITTER Design 
Engineer required. Qualifications, Engineering or 
Physics Degree or equivalent and industrial experience 
of transmitter design. Salary according to qualifica- 
tions and experience. Pensionable position on 
permanent staff. Box 384, E.E. 


ACOUSTIC SPECIALIST required for application 
of modern electronic technique to development of and 
measurement on subscribers’ telephone instruments. 
Applicants should have good theoretical qualifications 
and a desire to apply them in this field. State salary 
required. Box 385, E.E. 


QUALIFIED ELECTRICAL ENGINEER OR 
PHYSICIST required for leading radio firm in the 
London area. Must have had several years in 
responsible position on design of radar equipment. 
Salary minimum, £800 per annum or more according 
to experience. Write Box S$.5265, A.K. Advertising, 
212a, Shaftesbury Avenue, W.C.2. 


ELECTRONIC ENGINEER required as Head of 
Department engaged cn the design and manufacture of 
special-purpose electronic test gear. A_ suitable 
applicant must have an Honours Degree in Electrical 
Engineering or Applied Physics, and wide experience 
of Electronic Engineering. State age, qualifications, 
experience and salary required, to Box 392, E.E. 


ELECTRONIC ENGINEER OR PHYSICIST for 
development of micro-wave radio required by large 
company in the East London area. Suitable applicant 
should have technical education to Degree standard 
and experience in development of electronics. Full 
details, including age and salary required, to Box 388, 
E.E. 


REQUIRED IMMEDIATELY, by a company in the 
East London area, an Engineer experienced in the 
design of inductances for radio communication work. 
Only applicants having considerable experience of the 
design of R.F. tuned circuits, I.F. transformers, wave 
filters and similar devices will be considered. This 
vacancy is in connexion with a long-term project for 
the development of high-grade comraunication equip- 
ment. State full details to Box 389, E.E 
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CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





APPLICATIONS ARE INVITED for vacancies in 
development and research laboratories. Applicants 
must have University Degree or equivalent, with 
experience in instrument and light electrical work. 
Salary according to experience. Apply, in_ first 
instance, to Personnel Manager, Ferranti Ltd., Ferry 
Road, Edinburgh, 5. 


QUALIFIED ENGINEER required for leading firm 
in London area. Must have had several years’ electro- 
mechanical design experience in electronics. Salary 
minimum, ‘£650, or more depending ‘on experience. 
Write, Box S.5272, A.K. Advertising, 212a, Shaftesbury 
Avenue, W.C.2. 


RADIO ENGINEER required for development of 
methods of testing and measuring U.H.F. valves and 
T.R. switches. Applicants must be qualified in Physics 
or Engineering, and must have experience of radio 
measurements, in the U.H.F. field. Applications to 
Personnel Manager (CHA), Ferranti Ltd., 
Edinburgh, 5. , 


A LARGE CORPORATION requires an Electronic 
Engineer to take charge of new project. Applicant 
should have a good degree in Physics, with laboratory 
or Government Establishment research experience in 
television or, preferably, radar. Must be good 
organiser, capable of controlling staff and, in particular, 
must have practical experience of making -circuits 
work. Should not be over 35 years of age. Substantial 
salary according to ability, age and expefience. Apply 
Box 397, E.E. 


BUSH RADIO LTD. require Engineers for develop- 
ment work in their Test Gear Dept. Application in 
writing only, stating experience, qQalifications, salary, 
etc., to Labour Manager, Bush Radio Ltd., Power 
Road, Chiswick, W.4. 


PHYSICIST REQUIRED for research on the 
magnetic properties of eo. metallurgy products. 
Applicants must hold a University Degtee and, should 
— special knowledge of magnetic measurements. 

post is in Northamptonshire. «Salary according 
to experience. Write Box 399, E.E. 


ELECTRONIC DRAUGHTSMAN required by 
large manufacturer of radio and allied equipment, 
situated in the East London area. Suitable applicants 
should have previous experience of this: work and 
technical qualifications to National Certificate or 
equivalent. State age, experience and salary required, 
to Box 393, E.E 


CAPABLE ENGINEER required to take charge of a 
department responsible for the pre-production develop- 
ment of radio accessories. Degree or equivalent with 
several years’ industrial production experience 
essential. Box 395, E.E. 


REQUIRED FOR SW. ENGLAND, Engineer for 
design and production of electronic apparatus. Wide 
knowledge of C.R.T. practice essential. Box 394, E.E. 


ELECTRICAL ENGINEER with a good Dégree or 
ys go hare and experience in design and development 

electronic equipment, required by NE. London firm. 
— according to ability and experience. Box 396, 


PROGRESSIVE LAMP FACTORY in Yorkshire 
manufacturing low-voltage electric lamp bulbs and 
employing about 350 women, require a highly efficient 
manager; must be very thoroughly experienced, 
highly qualified and good disciplinarian. ermanent 
and progressive post for right man. Applicants should 
state in detail, age, education, qualifications, references 
and salary required, to Box 398, E.E. 


ELECTRONIC CIRCUIT DEVELOPMENT 

ENGINEER, 25 to 30 years, B.Sc. standard. Previous 

laboratory experience essential. Knowledge of Servo 

systems desirable. Must be practical and capable of 

bringing projects right uP to the production stage. 

Write or phone Furzehill Laboratories Ltd., Boreham 
, Herts. ELStree 1137. 


YOUNG ELECTRICAL ENGINEER, Universit 
meng or equivalent, to undertake development wor! 

high tension X-ray. apparatus, don area. 
Salary according to age, experience and qualifications. 
Box 400, E.E. 


APPLICATIONS ARE INVITED by a company 
situated within a 25-mile radius of tates for the 
ees of Senior Engineer to take charge » of a 


Electronic Engineering 


VALVE ENGINEER. Well-known London firm has 
a vacancy for an Engineer in the Transmitting Valve 
Department. Successful applicant must have had 
practical experience in all branches of the manufacture 
of valves up to 20 KW of anode dissipation, and must 
be capable of conducting and supervising development 
of new types. Some experience of circuitry an asset. 
Write, with full details of qualifications and experience, 
to Box 401, E.E. 


E.M.I. ENGINEERING DEVELOPMENT offer 
outstanding opportunities for experience and advance- 
ment in development work in many branches of 
electronic engineering, including major radar pro- 
jects, radio communication, television receivers, 
audio-frequency engineering, magnetic recording, etc. 
Applications will be welcomed from men with Engineer- 
ing or Physics Degrees or the equivalent, with design 
experience. Starting salaries, {400 to £800, according 
to qualifications, experience and degree of responsi- 
bility. Also Juniors for the same work, with Inter.B.Sc. 
and preferably some practical experience. Send full 
details of experience and qualifications to Personnel 
Department, E.M.I. Ltd., Blyth Road, Hayes, Middx. 


GLASSBLOWER required for Research Laboratories. 
All-round experience in hard and soft glasses, including 
lathe work, essential. Apply in person, or write to 


Personnel Department, E.M.I. Ltd., Blyth Road, 
Hayes, Middx. 
EXPERIENCED SENIOR and junior radio, 


television, electronic, acoustic engineers. Preference 
B.Sc., H.N.C., also similarly experienced draughtsmen. 
Television Service Engineers required. Technical 
Employment Agency, 179, Clapham Road, S.W.9. 
BRIxton 3487. 


APPLICATIONS ARE INVITED from Engineering 
and Physics Graduates and from Designer-Draughts- 
men with a Degree or equivalent qualifications by the 
Research Laboratories of the General Electric Co. Ltd., 
East Lane, North Wembley, Middlesex, for work on 
telecommunications equipment. Experience of Quise 
and wave-form techniques an advantage. Apply to 
the Director, stating age, academic record and 
experience. 


PHYSICAL CHEMIST OR PHYSICIST, with 
Honours Degree, required as Chief Technician to take 
charge of a production control and develcpment 
laboratory of a company in Wiltshire, manufacturing 
radio components. Research and industrial experience 
are essential. The post carries a good salary, and a 
house will be provided for the successful applicant after 
a three months’ probationary period. Please reply to 
Box 404, E.E 


PHYSICAL CHEMIST OR PHYSICIST required 
for research on semi-conductors. Applicants must have 
a University Degree with theoretical or practical 


December, 1948 


DEVELOPMENT ENGINEER required for work 
on experimental type of cathode ray tubes. Applicants 
should possess a Physics Degree andjhave had practica 
experience in the design, development and manu- 
facture of cathode-ray tubes. Apply, giving details 
of qualifications, experience and eg! required, to 
Personnel Gg ey C/F., E.M.I actories Ltd, 
Blyth Road, 


JUNIOR ENGINEER required for examination and 
analysis of cathode-ray tubes. Previous experience 
desirable but not essential, no suitable technical 
background. Vacancy offers good prospects for 
enthusiastic junior and facilities extended for furthering 
technical training. Apply, giving age, details of 
experience if any, together with technical qualifications, 
to Personnel Department, C./F., E.M.I. Factories Ltd, 
Blyth Road, Hayes, Middlesex. 


PRODUCTION ENGINEERING Research 
Association requires Instrument Designer with wide 
electrical and mechanical experience. Apelication, 
giving. full details, including salary required, 
Secretary, Staveley Lodge, Melton Mowbray, Lea 


ayes, Middlesex. 





SITUATIONS WANTED 


HONS. GRADUATE, Physics, age 23, seeks pro- 
gressive post in industry. ree years’ experience in 
Research Electronics with reputable firm. Box 403, 
E.E. 





EDUCATIONAL 


A.M.LE.E., City and Guilds, etc., on “‘ NO PASS— 
NO FEE” terms. Over 95 per cent. successes. For 
full details of modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and. post ‘hes B.I. spar (Dept. 337B), 17, 
Stratford Place, London, W.1 





SERVICE 
LOUDSPEAKER repairs, British, American, any 
make, moderate prices.—Sinclair Speakers, 1, 
Pembroke Street, London, N.1. 
REWINDING. A specialist winding service covering 
A.F. transformers, relays, solenoids, and to specifica 
tion. S.T.S., Ltd., 297 29% High Street, Croydon, 
Surrey. Telephone : ROydon 4870. 
RADIO MANUFACTURERS can __ undertake 
development and assembly of radio or electronic 
equipment. Winding shop with vacuum impregnation 
re Ample space and labour available. Box 316, 


DEVELOPMENT CAPACITY available. Complete 
service, design notes, prototypes, all drawings, sub- 
b , test specifications, test-gear and _ tester 





experience in this field. The post is in North 
shire. Salary according to experience. Please reply 
to Box 406, E.E. 


A QUALIFIED ENGINEER, experienced in the 
design of teleprinter and magnetic recording technique, 
required to participate in a development project of 
considerable interest. Application should give details 
of academic training and subsequent experience, 
together with salary required. Application form from 
The Staff Manager, Ferranti Ltd., Hollinwood, Lancs. 


AN ENGINEER with considerable experience in 
Pulse Circuitry Technique required immediately. 
Please give full details of experience to date and state 
salary required. Application form from The Staff 
Manager, Ferranti Ltd., Hollinwood, Lancs. 


A MATHEMATICIAN for research work on the 
physical concepts of radio transmissions, etc., par- 
ticularly as applied to beams at all frequencies. Assess- 
ment of probabilities, fundamental design of complete 
systems. Good Honours Degree essential. West 
London area. Write, giving details of experience, etc., 
to Box 365, E.E. > 


LABORATORY ASSISTANT required for the 
Association's electronics section, to be engaged mainly 
on construction of laboratory equipment. Must be 
able to work direct from circuit dia gue Written 
applications, giving age, experience and salary required, 
to Motor Industry Research Association, Great West 
Road, Brentford, Middlesex. 


APPLICATIONS are invited from physicists or 





iboratory engaged upon design, and 
application of R.F. Heating. Applicants should have 
an Honours in Science and previous experience 
of the work upon which the laboratory is engaged. 
S. , £700 to £1,000, per annum, according to 
os ———e Applications should be addressed to 
xX 402, 


s for work in a group engaged upon the manu- 
facture of X- -ray tubes in the N.W. London area. 
Experience of vacuum work and high voltage useful. 
Education to Higher National Certificate or Pass 
Degree standard preferred. Write, stating age, 
pegged and experience, to Box “G.W.,” c/o 
Geo. J. Smith & Co, Ltd., 154, Fleet Street, E.C.4. 


instruction. Low-power two-way radio and miniature 
electronic gear a speciality. Box 399, E.E. 


DEVELOPMENT AND PRODUCTION. Enquiris 
are invited for the execution of contract work in the 
development and/or quantity production to A.I.D. 
standards, of piece parts or complete assemblies. Ou 
facilities include laboratory development of prototype, 
preparation of drawings, planning and full-scale pro 
duction, large factory space for wiring and assembly, 
light machining, capstan and press work, etc. Apply 
by letter, in the first instance, to British Electronic 
Industries, 303-305, Burdett Road, London, E.14. 





MISCELLANEOUS 
WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups. speakers, 
etc., radio and electrica! accessories. Write, phone o 
call, University Radio Ltd., 22, Lisle Street, Londons, 


W.C.2. GERrard 4447. 
PHOTOGRAPHY. We in advertising and 
catalogue-photography, and in series ackcgreghe = for 


instruction sheets. Our pictures tell the story. 
Photography, 44, Temple Fortune Lane, N. wat 
(SPEedwell 4298). 





FOR SALE 


WEBB’S 1048 Radio Map of World, new multi-colour 

ting — up-to-date call si and _ ot 
tion ; on heavy art paper, 45 +» post 6d. i 
on rollers, 11s. 6d. post od. 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 
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Optimum 
Characteristics . . 


--- srom this 
EFFICIENT 
DOUBLE-TRIODE 


The combination of medium/low anode resistance, high working current, 
% Counting and Scaling high slope and low heater current, make this new Mullard double-triode 
& Photocell Amplifiers an ideal valve for an unusually large number of functions. One practical 

advantage of this versatility is that it is often possible for the one type of 
%* Balanced Bridges valve to be used throughout an equipment with obvious economies in design 








A FEW OF THE 

APPLICATIONS OF 
THE MULLARD ECC33 
trite eee ae 








%* Multi-Vibrators and maintenance. Manufacturers of electronic counters will especially 
% Motor Control Circuits appreciate the low heater current and G.T. size, whilst designers of industrial 
2% Watt & Power Factor Meters control equipment will welcome the series arrangement of the heaters. 

%& Voltage Control Circuits 

%* Time Delay Circuits ECC33 VALVE DATA 

%* Relay Circuits 

% R.C. Oscillators Heater Voltage bee 6.3V Anode Current _... 9mA 


Heater Current a 0.4A Anode Resistance ... 9,700.2 
Anode Voltage soc ee Mutual Conductance...3.6mA/V 
Amplification Factor ... 35 


% Coincidence Circuits 
% Pulse Shaping Circuits 


SN 


Mullard 























Please write to Transmitting & Industrial Valve THERMION Ic VA LVES 
Dept. for full technical details of this and other 
dnebtiinihdbta teeta aiilie. & ELECTRON TUBES 


INDUSTRIAL POWER VALVES * THYRATRONS * INDUSTRIAL RECTIFIERS * PHOTOCELLS * FLASH TUBES: ACCELEROMETERS 
CATHODE RAY TUBES * STABILISERS AND REFERENCE LEVEL TUBES * COLD CATHODE TUBES « ELECTROMETERS, ETC. 





MULLARD ELECTRONIC PRODUCTS LIMITED - CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
MVT33D 
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IN STOCK. Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GERrard 4447. 


COPPER WIRES: enamelled, tinned, Litz, cotton, 
silk covered. All gauges. B.A. screws, nuts, washers, 
soldering tags, eyelets. Ebonite and laminated 
Bakelite panels, tubes. Paxolin coil formers. Tufnol 
rod. Permanent detectors, etc. List S.A.E. Trade 
supplied. Post Radio Supplies, 33, Bourne Gardens, 
London, E.4. 

BRAND NEW PHASE-CONTROL UNITS. 
design “ E.”” Input, 230V 50 cyCles, containing trans- 
former. Output, 250-0-250V, 75-0-75V, 4V at 3 amps., 
4V at 1.5 amps., valves UU, rectifier, thyratron 
GTrC, condensers, resistances, etc., in super metal 
cabinet and packed in wooden container, £3, carriage 
paid. Brand new ex-R.A.F. power units, containing 
o-1mA MC meter, metai rectifier, 2x 32 uF 600 VDC 
condensers, 2* 300mA 2c Henry L.F. chokes, heavy 
duty mains transformer, input 230V 50 cycles, output 
250-0-350V at 3oomA, 2%6.3V, 5V, 20-0-20V 2» 
EFs50, EAso, 5U4G condensers, resistances, thermal 
delay switches, fuses, etc., all in wooden packing case, 
bargain, £6 15s., carriage paid. Valves: GT1C, ros. ; 
EF 50, 5s.; EF54, 7s. 6d.; EAs50, 48.; V1907 (5,000V 
rectifier), 7s.; 5U4G, 10s.; television condensers: 
0.01-4,000 VDC, 0.03-2,500 VDC, 0.05-3,500 VDC, 
1s. §S.A.E. list, Cross, Skerries, Cross Lane, West 
Kirby, Cheshire. 

RADAR SETS, type AN/APNg4, 5 in. short per- 
sistence electrostatic C.R.T., suitable for oscilloscope 
or television, 25 valves, circuit diagram available, £7 ; 


6SN7’s, 6SJ7’s, 6SL7’s, tested, 6s. each. Stamp for 
details. Box 378, E.E. 

WAKE THE EASY WAY with the “ Reveille” 
clock-radio, retails 12 gns., plus tax. Stamp for 


leafiet. Thames Valley Products 28, Camden Avenue, 
Feltham. 

a 
FIVE-CORE CABLE (9/012), cotton packed tough 
rubber sheathed, 9d. yard ; with tinned copper screen- 
ing, rod. yard. Armes, 37, Birchwood Drive, Leigh- 
on-Sea. 














Hectronic Engineering 


AIR POSITION INDICATORS. Ex-R.A.F. An 
incredible bargain, containing a host of precision parts, 
approx. 40 gear wheels, 14 roller bearings, repeater 
motor rev. counters, et¢. Ideal for experimenters, 
model constructors, 25s., carriage paid. Passingham 
(Dept. E.E.), North Street, Keighley. 


TELEVISION E.H.T. TRANSFORMERS in 
stock: 5KV, 4V, 1.5A, rect. guaranteed. C.O.D. or 
C.W.O. at 3 gns. each, post 1s. 6d. R. F. Gilson Ltl., 
11a, St. George’s Road, Wimbledon, S.W.19. 


ARMOUR WIRE RECORDER in new condition, 
with 230 volt transformer, Turner microphone and 
4-hours’ recording wire, £150. Terry, Heatherside, 
Walton-on-the-Hill, Surrey. 


AUDIO FILTERS. Field-free, Hi-Q, toroidal 
windings on Permalloy cores. Low-, high- or band-pass, 
scratch, whistle or cross-over filters to specification. 
Individual inductors supplied. Stock list. Lyncac 
Laboratories, 29, Camborne Road, Morden, Surrey. 
LiBerty 3247. 

AMAZING BARGAIN, 9s. 6d., complete kit parts 
for 3 W.B. superhet coil pack, including Yaxley, coils, 
chassis, trimmers, etc., I.F.Ts., 465, 7s. 6d. pair; 
amphrenol octal, 44d. Send for cheapest list in 
England, Sussex Electronics Ltd. (T), Bevendean, 
Brighton. Telephone 4445. 


SIGNAL GENERATOR, Model 999, range 
100 Kc/s-50 Mc/s on fundamentals large scale 10 by 5}in. 
direct calibration accuracy better than 1 per cent., 
all-wave dummy aerial, etc. First-class job, 
{13 17s. 6d. H.P. terms available. Twelve months’ 
guarantee. Stamp for data and illustration. Radio 
Development Co., Moretonhampstead, Devon. 


CIRCUIT AND DETAILS for home construction 
Signal Generator Model 748, range 100 Kc/s-50 Mc;s 
fundamentals directly calibrated scale incorporates 
all necessary features. Parts and after-sales-service 
available. Circuits, drawings, photographs, 3s. 6d. per 
set. Radio Development Co. Ltd., Moretonhampstead, 
Devon. 

BENDIX INVERTER, type 12117-2-A. Input, 24V 
D.C., Output, 26V, 400 cycles, 6VA, single phase. 
Suitable for British or American aero engine remote 
indication, Autosyns, etc. Murrayhill Company, 186, 
Brompton Road, S.W.3. KENsington 7793. 
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A SPENCER-WEST Television Pre-Amplifier will 
generally effect a considerable improvement for viewers 
on the fringe of the service area. For viewers fifty miles 
or more from A.P., it is an essential requisite if con- 
sistent results are to be obtained, New coupling 
circuits employed in the unit ensure that noise is 
minimal. Full technical details from Spencer-West, 
Quay Works, North Quay, Great Yarmouth. 


SELSYNS B.T.H. SM1406, 33s. 9d.; Magslips from 
zos. Send for list. Potentiometers linear, wirewound, 
10 watt, Berco Mr1o, for A.C. bridges, etc., 1K, 4s. 9d., 
50K, 5s. Potentiometers, carbon, 10K, 20K, 100K, 
250K, 1s. gd. each, 12s. 6d. per doz.; 2-gang, 1 Meg.- 
1 Meg., 3s. 6d., 30s. per doz.; 30K-30K, 2s. 6d., 20s. 
per doz. (Short spindle) power pots, 20 watt, 1200 
ohms, 5500 ohms, 4s. 6d. each ; 300 ohms, 6 watt, 
3s. 6d.; 25K, 3 watt, 2s. 6d. High torque reversible 
motors, 12-24 volts A.C./D.C., fitted with 600:1 
epicyclic reduction gear, ideal for rotary beams, 30s, 
Hazlehurst R.F. E.H.T. coils with instructions, 26s. 8d. 
Technical correspondence invited. All goods guaran- 
teed and carriage free (U.K. only). Hopton Radio, 
1, Hopton Parade, Streatham High Road, London, 
S.W.16. STReatham 6165. 


PRICES REDUCED for Felicity laboratory tested 
amplifiers. 5-watt model (Response 40-15,000 under 
0.1 per cent. distortion) now only £14 19s. 9d. ; 8-watt 
(Response 20-20,000, distortion, 1 per cent.), now 
£27 10s. complete. Matches to coil pick-up without 
pre-amplifier. Details from FSR Ltd. 87a, Upper 
Richmond Road ,S.W.15. 


HEARING IS BELIEVING ! The Tridem 12 Corner 
Loudspeaker gives unsurpassed reproduction. We can 
also build speaker cabinets and baffles to your design. 
Highest standard of workmanship. FSR Ltd., 87a, 
Upper Richmond Road, S.W.15. 


ADVANCE SIGNAL GENERATOR, type E. Nett 
trade, {19 19s. 6d, (We are sole agents for London and 
Eastern Counties.) Avo new electronic testmeter, 
£35, less 15 per cent. All Avo instruments stocked. 
Petter Radio and Electrical Supplies, 203, Forest Road, 
Walthamstow, E.17. 





E.E., August, 1941, to April, 1946. R208 plus 
R-niner. Offers. RU1g, £3. C. Verrinder, Iwerne, 
Dorset. 





Two outstanding advantages .. 


e This bridge not only measures balanced or 
unbalanced impedances with equal facility, but also 
has the merit of extremely low impedances 
looking back into the terminals and from the 
terminals to ground. 
frequencies, the range, flexibility and stability 
of an audio-frequency impedance bridge and, 
having a neutral terminal available, it 
permits the measurement of three-terminal 


It provides, at radio 


networks. A high degree of accuracy is 
maintained throughout the full frequency 
range. 





Wayne 


RADIO FREQUENCY BRIDGE B60! tt 


Capacity: 0°01 pf. to 20,000 pf. in five ranges. 
Resistance : 10 ohms to 10 megohms—é ranges. 
Inductance values which will resonate the above 


capacities between 15 Kc/s and 5 Mc/s. 


Direct reading accuracy is constant to within 1% 
up to 3 Mc/s and may fall to 2% at 5 Mc/s. 









THE WAYNE KERR LABORATORIES LIMITED, NEW MALDEN, SURREY * MALDEN 2202 






Kerr 
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V—PERMENDUR 
for high permeability 
with high flux density. 






PERMALLOY ‘B’ 
for higher flux densities 
and high incremental 
permeability. 






PERMALLOY ‘C’ 
for highest initial permeability. 
Useful for wide-frequency band 
transformers, current trans- 
formers, chokes, relays and 
magnetic shielding. 


PERMALLOY ‘D’ 
for very high resistivity without 
undue lowering of maximum 
flux density or of the Curie 
point. Small variation of per- 
meability with frequency. Ideal 
for H.F. applications. 


These products of Standards research organ'sation, 
developed for their own use, include high permeability 
alloys covering a wide range of applications 































TL.6. Dag 





Standard Telephones and Cables Limited 


(Telephone Line Division) 


NORTH WOOLWICH, LONDON, E.16. Telephone: 


Dock 1401] 
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Its NEW 
-its SIMPLE 





Inventive genius with brilliant engineering | speed of 78 revs. a minute is assured. Con- 
has produced this simplified mechanism. | structionalmostentirely of steel. Weightonly 
Plays eight 10 or 12 inch records (or mixed | 8 lbs. Leaflet R.1359 available on request. 
10 and 12 inch). Changes records in 4 


seconds. Repeats or rejects at the push of 
a button. 80 per cent of the mechanism EDISWAN 
below the table is only one inch deep— RADIO PRODUCTS 


see illustration. Turntable is rim driven 
by A.C. motor so proportioned that instant Plessey Auto-Record Changer 








SOLE DISTRIBUTORS TO THE WHOLESALE & RETAIL TRADES : 


THE EDISON SWAN ELECTRIC CO. LTD. 


155, CHARING CROSS ROAD, LONDON, W.C.2 


Branches in all the principal towns. 
v.80 











BRI 
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to us, and where standard types would not be 
suitable, we can place unique resources at your 


S : disposal for special developments. 
witch problems — how easy they 


become when you know how and where ! It’s All OAK switches embody the OAK equalised 
the knowing that matters. Because any switch pressure, double-contact clips and the OAK 
as perfect as the OAK, must have behind it floating rotor. These exclusive features are the 
specialist resources of design, tooling and ultimate in switch design — maintaining a 
production — plus experience. And at British mechanical and electrical efficiency that gives 
N.S.F. we have lived switches morning, noon long life and trouble-free operation. 

and night for longer than we care to remember. @ N.S.F. Oak Switches*are genuine only when bearing Pat. Nos. 


‘ ‘ 478391 and 478392 with the “N.S.F. OAK’’ mark. Manufactured 
Your switch problems are likely to come easy under sole licence of the Oak Manufacturing Co. Ltd., Chicago. 


Manufacturers under licence of Cutler-Hammer Appliance Switches. Other N.S.F. 
Products include Potentiometers, Paper Capacitors, etc., etc. 


ie me an 
SWITCHES — ~OnTING ROTORS 


BRITISH N-S-F CO - LTD - KEIGHLEY . YORKS. . London Office : 9 Stratford Place, W.I . Telephone : MAYfair 4234 


Sale licensees of Oak Manufacturing Co., Chicago. 
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IMMEDIATE DELIVERY 


Valves for Radio and Television 


F E R RA N T I LT D ELECTRONICS DEPT. MOSTON MANCHESTER 10 Penna) 








1948 
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Muirhead Magslips 


For Measurements and Controls where you want them 





Designed by the Admiralty Research Laboratory and so widely used for war time service 
applications, these devices are now available for all. 
Muirhead Magslips, which are backed by twelve years of manufacturing experience, may 


well solve many of your remote control and indication problems. 


DETAILS IN BULLETIN B-580, SENT ON REQUEST. 








s MUIRHEAD 





Muirhead & Co., Ltd., Elmers End, Beckenham, Kent. Telephone: Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 
CoReCo$7a 
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= to meet the demand by 
production engineers for a more com- 
pact Heat Generator, the Airmec em- 
bodies latest electronic practice and is 
available in 5kW and'2 kW models for 
both dielectric and induction heating. 
They are the most compact units of 
their power rating. 


Specification includes latest type air- 
blast cooled oscillator valve, electrical 
and mechanical interlocks, efficient 
protection of electrical circuits against 





overloads. Repetition work by unskilled 
workers is facilitated by a full vision 
automatic self-resetting process timer, 
and automatic control with locked 
settings. 


Both models are Clean and attractive in 
appearance, finished in cream enamel. List 
GAI57 explains fully the high standards 
reached in our equipment—we will gladly 
send you a copy and follow it with ad- 
vice on any production prob'ems you may 
care to raise. Please do not hesitate to 
ask. 


AIRMEC 
LABORATORIES LTD. 





Manufacturers of : H.F.and L.F. Signal Generators, 
Bridge Amplifiers, Electronic and Electrome- 


chanical Counters, Valve Voltmeters, etc. 


19 CHARTERHOUSE ST., E.C.l 
Tel: Chancery 7843 


Works: High Wycombe, Bucks. 
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Never had your favourite programmes spoilt by a background of hissing, 
crackling and spluttering noises? No? Lucky you! But for thousands living in 
towns and cities near industrial electrical apparatus, near trolley-bus routes or in the 
vicinity of high frequency equipment such interference is only too common. 





















B.I.Callender’s Anti-Interference Aerial, 
when properly erected, will give you better 
listening and reveal many stations you never 
heard before. 

















——— ae 
lait The aerial is a 60-ft. polyethylene 
_ insulated dipole type with suspension insulator 
and matching transformer. The 80-ft. down 
lead is a fully screened coaxial cable with 
polyethylene plugs moulded to each end; it 
is matched to the receiver by a transformer 
with easily fixed suction mounting. 


It acts as a “‘ T-type aerial on long 
and medium waves and as a true dipole on 
short waves. 


Write to-day for descriptive folder 
No. 221N on “ Anti-Interference Aerial.” 








Licensed ‘under Amy Aceves & King, Inc., 
Patents Nos. 413917, 424239 and 491220. 




















il 
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Made in Three 
Principal Materials 


fREQUELEX 

An insulating material of Low Di-electric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 


PERMALEX 

A High Permittivity Material. For the 
construction of Condensers of the 
smallest possible dimensions. 


TEMPLEX 
A Condenser material of medium 
permittivity. For the construction of 
Condensers having a constant capacity 
at all temperatures. 





BULLERS Low LOSS CERAMICS 


BULLERS LTD., 6, Laurence Pountney Hill, London, E.C.4, Phone: Mansion House 997! (3 lines) 
Telegrams : ‘‘Bullers, Cannon, London.” ; 











48 





December, 1948 Electronic Engineering 13 





LO PUCS - 








SS 


B65 DOUBLE TRIODE 


The Osram valve B65 is a double 





triode designed for use in: push- 
pull, parallel or cascade circuits. 
The valve is octal based, compact in 
design, and apart from the common 
6.3 volt 0.6 amp. heater, the two 


sections are entirely independent. 


A data sheet giving detailed informa- 
tion and typical curves may be had 
on request to : 


THE OSRAM VALVE TECHNICAL DEPT., 
MAGNET HOUSE, KINGSWAY, W.C.2. 











TYPICAL OPERATING CONDITIONS (One Unit) 


Anode Voltage - = - = 250 volts. 
Control Grid Voltage - - + —8 volts. 
Amplification Factor - - - 20 

Impedance - - - - - 7,700 ohms. 
Mutual conductance” - - - 2.6 mA/volt. , 




















Price 15/= (Purchase Tax 3/3 extra) 


S GE.C Qpsram 


PHOTO CELLS CATHODE RAY TUBES VALVES 












THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2 
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appreciation of all High Fidelity enthusiasts. If your equipment can 
provide a practically faultless output, we have no hesitation in saying 
that its performance with the Axiom Twelve Loudspeaker will 
impress you agreeably. 

It must be emphasised, however, that the Axiom Twelve is a High 
Fidelity Reproducer and must be used with equipment which has 
also been specifically designed for this purpose. If the signal includes 
any distortion, this will be reproduced, possibly with unpleasant 
aural results. ‘That is why, for general requirements, we still 
recommend our standard 12-in. model T2. 


FIDELITY SPECIFICATION:— 


s Frequency range ++ 40-15,000 c/s. Flux density 13,000 gauss. 
x Fundamenta: resonance .. 55 c/s. Total flux .... 145,000 maxwells. e 
Voice coil impedance ... 15 ohms. Power rating .. 12 watts peak A.C. Write for fully descriptive Folder A.128. 


EFFICIENCY Voice coil diameter in. * British Patent No. 451,754. Other patents pending. 


GOODMANS INDUSTRIES LTD., LANCELOT ROAD, WEMBLEY, MIDDX. ‘Phone: WEMbley 1200. Telegrams : ‘Goodmans Wembley | 200’ 


synon ymous with 


= rT 4 asad 


— 
— 


NTON LTD KINGSTHORPE NORTHAMPTON 
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MEASURING 
INSTRUMENTS 








@ METER 
Type 622A 


Range : 
50 Ke/s. to 75 Mc/s. 
Type 620B 


Range : 
100 Ke/s. to 25 Mc/s. 








VALVE 
VOLTMETER 
Type 613B 


Range : 
10 c/s. to 1.5 Me/s. 
I mV. to 300 V. 








OTHER INSTRUMENTS 


Decade Resistances Boxes 
Logarithmic Resistor 
Decade Voltage Divider 
Decade Condenser Unit 
Decade Inductometer 
Ratio Arm Unit 
Limit Resistance Bridge 
Short Circuited Turns Test 
Impedance Comparator 
« T ” Bridge for L.F. Chokes 
AC/DC Flash Test 
Oscillator Detector 
Regulated Voltage Supply Unit 
Output Power Meter 
A.F. Microvolter 
Distortion Factor Meter 
Wave Analyser 
Modulated R.F. Oscillator 
Stroboscopes 


FULL PARTICULARS FROM 


DAWE INSTRUMENTS LTD. 


130 UXBRIDGE RD., HANWELL, W.7 _— EALING 6215 
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STABILISED 
POWER SUPPLY 
UNITS 


TYPES 1930 & 1931 


THESE INSTRUMENTS are invaluable 
in the electronics circuit laboratory. The avail- 
ability of these types of supply unit can often 
save days of preliminary work by avoiding the 


| wasteful necessity of an engineer to produce 


special power packs. 

The type 1931 delivers 280 to 420 volts, 250mA 
and a series of negative supply voltages, whilst 
the Type 1930 provides 260 to 340 volts, 100mA 
and a stabilised negative output of 150 volts 


| together with two A.C. heater supplies. 


Both models are provided with facilities for 
measuring current and voltage on the principal 
outputs. Only high grade components are used 
and there are no electrolytic condensers. 





AVAILABLE FOR 
IMMEDIATE 
DELIVERY 











For further particulars 
please write for our new brochure of Electronic Instruments. 


LABORATORIES LTD. . 
Dane 
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Walter Instruments 








LIMITED 


GARTH ROAD’: LOWER MORDEN - SURREY * TELEPHONE: DERWENT 4421-2-3 


DESIGNERS AND MAKERS OF SWITCHES AND CAPACITORS 


CRC 39 
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public 
confidence 


«6 TUFNOL 
absorbs vibration ”’ 



















Tufnol is used for magneto and dynamo 
couplings on public service vehicles — a duty de- 
manding absolute reliability and unfailing service. 
Can TUFNOL improve In transport and industry Tufnol is used by 

your products engineers in countless other ways. They find in 






this non-metallic material the answer to many 
or plant? a tricky problem. 


Our Engineers will gladly help you f U E NOI 


TUFNOL LTD - PERRY BARR: BIRMINGHAM - 22B An ELLISON Product 





2ii 








TELEPHC 


H. 
in 
Gener: 
this 1 
second 
and 
ill-infe 
and o1 
Its | 
by th 
more ( 
tion a 
1t:3 
Postm 
power: 
wirele: 
and ot 
that v 
not c 
is the 
enfore 
the ov 
tie 
notice 
interfe 
upon 
ships 
notice 
Few 
vision, 
radar 
is ar 
condit 


Th 








Electronic Engineering 


EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2. 


TELEPHONE: CENTRAL 6565 (10 LINES) 


Monthly (published last Friday of preceding month) 2/- net. 


MANAGING EDITOR: G. PARR, M.1L.E.E. 


TELEGRAMS : 
Subscription Rate : 


LECTRONING, ESTRAND, LONDON 
Post Paid 12 months 26/-. 





Vol. 20. No. 250 





The Largest Television Studio Plant in the U.S.A, 
Design for a Brain py W. R. Ashby, M.A., M.D. 
A C.R. Tube Chronoscope By D. Pitman 


An Electronic Instrument for oilgh eee 
Testing By E. J. Membry, B.Sc.(Eng.) - 


An Interference Eliminator for Vision Receivers 
By D. McMullan, M.A. 


Mechanical Problems in the Use of Glass-Based 








Valves By H. L. Bowen and D. N. Corfield 


The Paris Television Convention sy R. G. Clark -.- 


Applications of Alternating Current Amplifiers 
By E. J. Harris, Ph.D. 


to Optical Measurements 


CONTENTS December, 1943 
378 A Simple Modulation Meter . 399 
By A. J. Muir, B.Sc., and J. W. Whitehead, B. Sc., M.I. E. E. 
= A High Sensitivity Photo- tains Cell Circuit... 401 
- 384 By M. J. Tucker, B.Sc. 
Visible Vectors By F. de la C. Chard, M.Sc., M.I.E.E. 402 
a8 Electronic Equipment 404 
a Correspondence 406 
Notes from the Industry 407 
sien Book Reviews 408 
-_ December Meetings 4il 
396 Abstracts of Electronic Literature 412 





Interference — Real and Imaginary 


HE Wireless Telegraphy Bill 

introduced by the Postmaster 
General in the House of Commons 
this month and now up for its 
second reading, has had a bad Press 
and has provided a good deal of 
ill-informed criticism both inside 
and outside the House. 

Its real object has been confused 
by those who see in the Bill still 
more Government legislation, restric- 
tion and control. 

It is merely a Bill to arm the 
Postmaster General with greater 
powers to minimise interference with 
wireless reception from domestic 
and other apparatus, and it proposes 
that where electric apparatus does 
not comply with regulations and 
is thought likely to interfere, an 
enforceable notice may be served on 
the owner of the offending appara- 
tus. In the ordinary way, 28 days 
notice would be given, but where 
interference is likely with reception 
upon which the safety. of persons, 
ships and aircraft depends, the 
notice can be served immediately. 

Few can disagree with such pro- 
vision, for the expanding use of 


radar control devices, but _ it 
is an acknowledged fact’ that 
conditions due to ‘‘ man-made ” 


interference, particularly with tele- 
vision and short-wave transmissions, 
have been steadily deteriorating 
and will continue to do so unless 
checked by legislation. It is_not 
surprising to learn that the Post 
Office is receiving complaints of 
interference at the rate of 40,000 a 
year, so that the Bill is surely 
timely. But a storm of protest has 
arisen over the powers sought in 
connexion with the right of entry 
and search where suspected appara- 
tus is located. Where access has 
been sought and unreasonably re- 
fused, persons guilty of this offence 
will, ‘under the new Bill, be liable 
on summary conviction to maxi- 
mum penalties of imprisonment or 
a fine. 

It has been imagined that an army 
of “‘ snoopers ” will be created who 
will invade the traditional privacy 
of the Englishman’s home in search 
of offending apparatus at all hours 
of the day and night. This is far 
from being the ease, for a tactful 
approach will readily dispel any 
suggestion of snooping.. 

The Post Office itself confirms 
that householders are invariably 
co-operative in this matter, and 
powers are being sought merely to 


deal with the minority who are not. 
Moreover, as the radio correspon- 
dent of the Daily Telegraph points 
out, on the back of the existing wire- 
less receiving licence, there already 
reads ‘The apparatus and_ this 
notice shall be open to inspection at 
all reasonable times by duly 
authorised officers of the Post 
Office who will produce their cards 
of identity on request,’’ and there 
have been no complaints of snoop- 
ing in this respect, 

‘ Apart from the harshness of the 
penalties and the uncertainty 
regarding costs Of _ interference 
suppression, the weakness of the Bill 
as it stands at present is that it does 
nothing to ensure that new appara- 
tus coming on to the market shall 
be interference free. 

It is debatable whether the main 
sources of interference are, in fact, 
the householder’s vacuum. cleaner 
and thermostatically _ controlled 
iron, and attention might well be 
given to the interference caused by 
the large-scale industrial users of 
such apparatus as commutator 
motors and high power oscillators 
for high frequency heating, which 
create havoc over a wide area. 


H.G.F. 


The Editor and Staff of ‘‘ Electronic Engineering ’’ send Christmas Greetings to all Readers 





The Largest 


Television Studio 
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WHAT will be the largest television studio plant 
in America is being built by the Columbia 
Broadcasting System in its programme 
to establish a nation-wide television 
service. The new studios and their 
associated facilities occupy more 
than 700,000 cubic feet in New 
York’s Grand Central Terminal 
Building, and will be “equipped 
with the most advanced television 

apparatus. 


At the top is an artists’ sketch of one 

of the main studios looking towards 

its control room, which is shown in 

another view on the right. Various 

operating functions in each studio control 

room will be tiered one behind the other 

for optimum visual, aural and video 

supervision. Sponsors are provided with 

‘* front row "’ seats so that they may see the 

studio floor action and see the broadcast show 
on a separate large screen. 

(Left) One of the main studios as seen from its control 


room. —Photos by courtesy of the Columbia Broadcasting System. 
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DESIGN FOR A BRAIN 


WENTY years ago the idea of 

building a brain would have 
been considered fantastic. Mind and 
Matter had been carefully separated 
by the philosophers who were 
mostly convinced that any 
non-living connexion was 
impossible. No mere 
machine, they _ said, 
could produce the 
remarkable features 
of the brain. Ina 
sense, of course, 
they were right. 
When they thought 
of a ‘‘ machine,’’ 
they imagined 
objects like a 
wheelbarrow, a 
typewriter, or a 
steam - engine. 
They had observed 
that such machines 
if controlled, like a 
typewriter being 
tapped, were inflexible 
in action, and if uncon- 
trolled, like a motor car 
without a driver, were 
apt promptly to destroy 
selves. 


them- 


But nowadays the word ‘‘machine”’ 
has a much richer meaning, the 
position having been transformed by 
the invention of the thermionic 
valve. This device has two main 
properties: it allows power to be 
injected freely into a machine, caus- 
ing high activity, and it provides a 
means by which one part of a 
machine can affect the behaviour 
of another part with little back- 
action. At last those who would 
build a brain have something com- 
parable in functioning powers with 
the nerve cell. 


The Nature of a Brain 


But even if we are given an 
abundance of highly active and 
sensitive devices like nerve cells or 
valves we have yet to assemble them 
into something that makes sense. 
And what does ‘‘ make sense” 
mean in the brain or in a machine ? 
Here wide differences of opinion 


* Department of Research.” Barnwood House, 
Gloucester 


D 


By W. R: ASHBY, M.A., M.D. * 


«.,. such a machine, if perfect, could eventually play with a subtlety and depth of strategy 
beyond that of its master.’’ 
















To some, the critical test of 
whether a machine is or is not a 


occur, 
‘* brain ’’ would be whether it can 
or cannot ‘ think.’? But to the 
biologist the brain is not a thinking 
machine, it is an acting machine: 
it gets information and then it does 
something about it. Like every 
other organ in the animal body, it 
is a specialised means to survival. 
This last property decides its 
fundamental mode of construction : 
it must have certain permanent 
** goals ’’—the essential conditions 
for its existence—and it must be 
able to attain them in a variety of 
circumstances. If one path to the 
goals is blocked it must find an- 
other. If the circumstances change, 
it must readjust its methods, The 
brain of an insect has available a 
few perfected inborn patterns of 
behaviour and it will try them in 
turn, succeeding if the circumstances 
are of a standard type. The brain 
of a mammal is of more interest to 
us for it has a diffuse ability to 
puzzle out some sort of adaptation 
to an indefinitely large variety of 
circumstances. Man is himself the 
outstanding example of the poten- 


tialities inherent in this subtle 
mechanism. 

The ability of the brain to 
look after itself by correcting 
all deviations from a central, 
optimal state, and _parti- 

cularly its ability to do 
so by a variety of methods, 

being flexible about the 
but unchang- 
its aim, was 
usually regarded as 
quite beyond the 
powers of any 
machine, but it has 
been known 
since 1940'° that 
machines of the 
more dynamic type 
can do this quite 
easily. All that is 
‘needed for this goal- 
seeking flexibility is 
that the system should 
have negative feedback. 
When there is no feedback, 
as when a door-bell button is 
pressed and the bell rings, there 
is neither sense nor nonsense— 
it does just what its present state of 
repair or disrepair enforces. But when 
there is feedback, as when a radar- 
controlled anti-aircraft gun receives 
impulses both from the target plane 
and from its own shells, and is 
affected by the distance between 
the two so that it tends to make the 
distance between the two zero, then 
such a system has negative feed- 
back and is “‘ goal-seeking.”?’ The 
important point here is that the 
property of being ‘‘ goal-seeking ”’ 
is not that of Life or Mind but of 
Negative Feedback, and any 
machine, however inanimate, which 
has negative feedback will show this 
feature. 


route 
ing in 


Self-Organising Machines 


But this does not complete the 
requirements. Thus, if the gun- 
radar-plane system had positive 
feedback it would tend to make the 
distance between shell and plane a 
maximum and would therefore seem 
to be trying to get its shells as far 
away from the plane as possible. 
Clearly, the introduction into a 
system of feedback in general does 
not solve the problem: for if with- 
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out feedback the gun will aim any- 
where, yet even with feedback it 
may either seek the target or it may 
positively avoid it. What is to 
ensure that the feedback has the 
correct sign? 

In the gun-radar-plane system the 
problem is easily settled: the 
designer carefully arranged the con- 
struction so that the feedback was 
negative. In the brain of an insect, 
all variations born with wrong feed- 
backs were eliminated by natural 
selection ages ago. But in the 
higher animals the position is 
different. Large numbers of the 
feedbacks are left at first undecided, 
since it is experience and not the 
inborn (genetic) characters which 
are to determine the feedbacks. 
Thus, a cat may have to learn to go 
towards red meat (negative feed- 
back), but to go away from red 
embers (positive feedback), but to 
go toward a soft red cushion, and so 
on. That a kitten’s initial feed- 
backs are rather chaotie is shown 
by the way in which it may shrink 
away from a saucer of milk and 
then run towards a red-hot fire. 
Yet we know from experience that 
day by day the kitten’s feedbacks 
change, always improving, and 
tending to those values, positive and 
negative, which ensure the animal’s 
survival. The problem of the mam- 
malian brain, then, is that as a 
machine it has to work out an essen- 
tial part of its own wiring. 


THE HOMEOSTAT 


Such ability to learn and to adapt 
by internal re-organisation was 
regarded as a great mystery, but 
the principles are now better under- 
stood. In order to demonstrate 
them and in order to show that 
these principles do, in fact, produce 
such behaviour, a machine has been 
constructed and has recently been 
demonstrated.‘ 


The homeostat consists of units, 
four of which are shown in Fig. 1. 
Each carries on top a suspended 
magnet, shown in Fig, 2, and the 
behaviour of these four magnets 
provides the focus of interest. 

Each magnet (M in Fig. 8) is 
affected by currents in the four coils 
around it, the currents coming 
partly from the other units 
(A, B, C) and partly as a self- 
feedback (D).. (The apparently 
single coil of Fig: 2 is composed of 
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Fig. 1. The homeostat with four units interacting. Controls on the front panels ares Top row, 


potentiometers P (compare Fig. 3). 


Middle row, commutators 


Lower row, four-pole 


two-way switches S-S 





Fig. 2. The quadruple coil (ABCD) encircling the magnet M which is p 





ded by the dl 


pivot. The suspending wire extends forwards to dip the square vane on its end into the water 
in the semicircular perspex tsa: which has electrodes at each end. The potential for the grid 
s taken from the pivot socket 


the four coils of Fig. 8). In front 
of each magnet is a trough of water 
with electrodes at each end at —2v 
and —15v respectively. The mag- 


net is suspended on a needle pivot 
by a wire sling which dips into the 
water and picks up a_ potential 
which depends at each moment on 











Fig. 3. 
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Fig. 3. Diagram of one unit, the others being replicas. The inputs come from, and the 
outputs go to, the other three units. For the lettering, see the text 


the position of the magnet. The 
potential goes to the grid of a 
triode and thus controls the D.c. 
output of the unit. (The resistor E 
is first adjusted so that when the 
magnet is central the unit has zero 
output). This output goes to the 
other units in series where it be- 
comes one of their inputs. 


This arrangement sets all four 
units into action and reaction on 
one another. As soon as the system 
is switched on the magnets are 
moved by the currents from the 
other units, but these movements 
change the currents, which cause 
fresh movements, and so on. 


These actions and reactions can 
be modified by various constant 
settings. Thus, the current from, 
say, unit 4 to unit 2, can be con- 
trolled as to its polarity of entry 
into the coil by X (Fig. 8). In 
addition, the potentiometer P 
decides what fraction of the input 
current actually goes through the 
coil. These controls can be hand 
set by the upper two rows on the 
front panels (Fig. 1). 

When set. in some way, the mag- 
nets show some definite pattern of 
behaviour, the pattern depending 


on the pattern of the hand settings. 
If these latter give a stable arrange- 
ment then the four magnets move to 
the central position where they 
actively resist any attempt to dis- 
place them. If displaced, a co- 
ordinated activity brings them back 
to the centre, rather as an animal 
positively seeks its optimal condi- 
tions. Other settings may, how- 
ever give instability, in which case 
a ‘‘ runaway ” occurs and the mag- 
nets diverge away from the centres. 
In such cases the feedbacks are pro- 
ducing ‘‘ vicious circles’? which 
would be driving the animal away 
from its optimal conditions. 


But the feedbacks, instead of 
being set by hand, can be controlled 
by similar wirings arranged on a 
uniselector (V) in each unit. The 
values chosen for the wirings were 
deliberately randomised, the actual 
numerical values being taken from a 
published table of random numbers.° 
When controlled by the uniselectors, 
the pattern of feedbacks depends at 
any moment on the values provided 
by the uniselectors at that time. 
Twenty - five positions on each 
of four uniselectors méans that 
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390,625 combinations of feedback 
pattern are available. 


Finally, in each unit the uni- 
selector moves to a new position 
when and only when the output 
current of that unit exceeds the 
value sufficient to close the relay 
(F), the latter energising the coils 
(G) of the uniselector. 


When the control is diverted by 
the switches S-S so that not the hand 
controls but the uniselectors deter- 
mine the settings, then a new 
feature emerges in the behaviour 
of the system. As before, the units 
start acting on one another, but 
the uniselector settings change 
whenever the system is unstable, 
i.e., whenever the magnets diverge 
far from the central position. In 
other words, the machine starts to 
hunt for a combination of uni- 
selector settings giving a_ stable 
system, i.e., giving the proper 
internal feedbacks. When it finds 
a combination with the right feed- 
backs it holds that combination and 
will then demonstrate that it has 
assembled that feedback system 
which results in a co-ordinated 
maintenance of its variables at 
optimal values, like a living thing. 
The important point is that it finds 
its own arrangement of feedbacks, 
the designer having merely provided 
it with plenty of variety. 


Not only will it find the appro- 
priate feedback initially, but if we 
alter the basic conditions in any 
way it will proceed to re-adapt it- 
self to the new conditions. Thus, 
we may use hand controls on two of 
the units, setting them at arbitrary 
values to represent some “‘ environ- 
ment ”’ to which the other two units, 
representing ‘‘ nervous’ system,”’ 
must adapt, i.e., find combinations 
of their two uniselector settings 
which, in relation to that particular 
‘‘environment,’’ forms a_ stable 
system. When the machine is 
switched on, it proceeds, as described 
above, to find such an adaptation. 
But if now we alter the hand set- 
tings, i.e., change the ‘‘ environ- 
ment ”’ to which the other two units 
are adapted, then the machine 
promptly abandons those _ uni- 
selector combinations and hunts for 
new ones which will restore adapta- 
tion to the new environment. If 
now we change the hand-settings 
again, a new appropriate combina- 


' 
4 
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tion will again be found. And this 
process can be repeated as often as 
we please. 

But the homeostat will adapt not 
only to random changes in hand 
settings but to any change in the 
dynamic nature of the machine, 
whether of a type originally intended 
or not. Here, for instance, are 
some alterations suggested by my 
colleagues whe have tried to con- 
found it. After it had found a 
stable combination we reversed the 
polarity of join of an output to an 
input: it promptly changed its uni- 
selector settings till it found a new 
combination of settings which was 
stable in conjunction with the new 
conditions. We reversed the polarity 
of a trough, thereby changing some 
of its feedbacks: it changed its uni- 
selector settings till it found a new 
combination of settings stable in 
conjunction with the new conditions. 
A magnet was reversed: it re- 
adapted to the new condition. Bars 
were placed across the troughs so 
that the magnets could swing only 
to one side: it readapted. We joined 
two of the magnets together with a 
light glass fibre so that they had 
to move together: it readapted. 
In all cases, whatever conditions 
were imposed, it rearranged its own 
wiring through the uniselectors until 
it developed the proper feedbacks 
in relations to the new con- 
ditions. 


The Next Step 


Is the homeostat a brain then? 
Hardly, for it is as yet too larval. 
But it uses a new principle and can 
easily be extended to give much 
more powerful developments. Its 
chief fault in its present form, with 
only four units, is that it has little 
room to accumulate new adapta- 
tions, but, if it has to adapt to a 
new environment, must obliterate 
its established adaptations to make 
room for the new. This, of course, 
is a serious handicap, just as a child 
would be handicapped at school if 
it could learn what was two times 
three only by losing its memory of 
what was two times two. The diffi- 
culty, however, is a minor one and 
could be overcome by a_ mere 
increase in the number of units to- 
gether with some minor alterations. 


The making of a synthetic brain 
requires now little more than time 
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and labour. But there is one point 
on which we must be quite clear: a 
proper synthetic brain must develop 
its own cleverness—-it must not be 
a mere parrot. No matter how 
dazzling the performance, we must 
always ask how much of the perfor- 
mance has been enforced in detail 
by the designer and how much is 
contributed by the machine itself. 
An imaginary comparison may 
clarify the distinction. 


Let us suppose that two machines 
have been developed to the point 
where they can actually play chess. 
First we consider an electronic com- 
puter of the ACE or ENIAC type.” 
Instructions may be fed into it so 
that it will make only legal moves, 
but this is insufficient—a random 
series of legal moves will not win 
games. The machine may have 
great powers of analysis, but unless 
this ends in «a demonstrated mate, 
the analysis must stop at a judge- 
ment. (I assume that Chess, like 
Living, cannot always be analyse 
out completely). If the designer 
supplies it with criteria for judging 
whether positions are to be aimed at 
or avoided, then the criteria must 
be decided by the designer. This 
being so, such a machine, if perfect, 
will produce chess based on a 
strategy as good as its designer’s 
but no better. 


The second feature of such «a 
system is that, once given its instruc- 
tions, its first game will be just as 
good as its thousandth, or more 
crudely, its thousandth game will be 
no better than its first. 


The third feature is that every 
part has an exact duty set by the 
designer, who can say at any 
moment whether it is or is not work- 
ing in accordance with his design 
and instructions. In short, the 
designer always has the whip-hand 
over it: it is a slave-brain. 


The other type of machine, the 
homeostat, is based on quite a 
different principle. It needs no 
detailed instructions, only some 
method by which it is informed of 
the occurrence of illegal moves and 
mates. How the machine is to 
avoid these undesirable informations 
(feedbacks) is left entirely to the 
machine to puzzle out for itself. 
(The adaptations already shown by 
the homeostat encourage the con- 
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fidence that with only minor 
developments the machine will 
succeed). 


Let us suppose the homeostat 
perfected and contrast its behaviour 
with that of the first machine. The 
homeostat would start off like any 
other player—simply by making 
more or less random movements. 
But the feedback would soon stop 
it making illegal movements, and it 
would tend steadily to avoid the 
moves that lead to a rapid loss of 
the game. But it must be admitted 
that its first games would be very 
bad—as bad, in fact, as the first 
games of any future world cham- 
pion. But the homeostat would 
tend steadily to shed bad moves. 
Lines of play would be developed or 
dropped simply according to whether 
they did or did net lead to 
a win. 


These improvements would be in 
no way dependent upon the parti- 
cular details provided by the 
designer: they would be developed 
by the machine out of the indis- 
criminate variety provided, the 
feedback being the dominating an: 
controlling factor. Consequently, 
such a machine, if perfect, could 
eventually play with a subtlety and 
depth of strategy beyond that of the 
man who designed it. 


The aim of some has been to pro- 
duce the perfect slave-brain. Though 
undoubtedly useful for some pur- 
poses, yet we must not lose sight 
of our objective: a synthetic brain 
should not only play chess, but 
should eventually beat its own 
designer. Only in this way can the 
machine demonstrate the reality of 
its own contribution. 


This prospect is now in view. 
The Future 


And what after that? Some facts 
seem clear even at this distance. 


The construction of a machine 
which would react successfully to 
situations more complex than can 
be handled at present by the human 
brain would transform many of our 
present difficulties and perplexities. 
Such a machine might be used, in 
the distant future, not merely to 
get a quick answer to a difficult 
question but to explore regions of 
intellectual subtlety and complexity 
at present beyond the human 
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The world’s political and 
economic problems, for instance, 
seem sometimes to involve com- 
plexities beyond even the experts. 
Such a machine might perhaps be 
fed with vast tables of statistics, 
with volumes of scientific facts and 
other data, so that after a time it 
might emit as output a vast and 
intricate set of instructions, rather 
meaningless to those who had to 
obey them, yet leading, in fact, to a 
gradual resolving of the political 
and economical difficulties by its 
understanding and use of principles 
and natural laws which are to us 
yet obscure. 


The advantages of such a machine 
are obvious. But what of its dis- 
advantages ? There are at least 
two. 

Firstly, in its construction, many 
a detail. will have to be fixed at 
some arbitrary value selected with- 
out full knowledge of what features 
it may impose ultimately on the 
type of reactions. Are the valves, 
for instance, to have an anode volt- 
age near the maximum or much 
lower? Once made, such a decision 
will result in an all-pervading ten- 
dency in the machine’s behaviour. 
One machine, for instance, might 
try to solve all problems by explor- 
ing the possibilities of immediate 
violent activity, while another 
machine might react to all problems 
hy a tendency to go on collecting 
interminable information, doing 
nothing as long as there was_a 
shadow of doubt. We are, in short, 
up against the fact of ‘‘tempera- 
ment.”” The designer will put in 
some temperament or other whether 
he intends it or not: once he builds 
«a machine which works in its own 
way there is no such thing as ‘‘ no ”’ 
temperament. The peculiar diffi- 
culty here is that the machine will 
manifest it in a form too complex 
and subtle for the designer’s under- 
standing. 


But perhaps the most serious 
danger in such a machine will be its 
selfishness. Whatever the problem, 
it will judge the appropriateness of 
an action by how the feedback 
affects itself: not by the way the 
action benefits us. 


It is easy to deal with this when 
the machine’s behaviour is simple 
enough for us to be able to under- 
stand it. The slave-brain will give 


powers. 
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no trouble. But what of the 
homeostat-type, which is to develop 
beyond us? In the early stages of 
its training we shall doubtless con- 
dition it heavily to act so as to 
benefit ourselves as much as pos- 
sible. But if the machine really 
develops its own powers, it is bound 
sooner or later to recover from this. 

If now such a machine is used for 
large-scale social planning and co- 
ordination, we must not be surprised 
if we find after a time that the 
streams of orders, plans and direc- 
tives issuing from it begin to pay 
increased attention to securing its 
own welfare. Matters like the sup- 
plies of power and the prices of 
valves affect it directly and it can- 
not, if it is a sensible machine, 
ignore them. 


Later, when our world-community 
is entirely dependent on the machine 
for advanced social and economic 
planning, we would accept as only 
reasonable its suggestion that it 
should be buried deeply for safety. 
We would be persuaded of the 
desirability of locking the switches 
for its power supplies permanently 
in the ‘“‘on”’ position. We could 
hardly object if we find that more 
and more of the national budget 
(planned by the machine) is being 
devoted to ever-increasing develop- 
ments of the planning machine. In 
the spate of plans and directives 
issuing from it we might hardly 
notice that the automatic valve- 
making factories are to be moved 
so as to deliver directly into its own 
automatic valve-replacing gear; we 
might hardly notice that its new 
power supplies are to come directly 
from its own automatic atomic piles; 
we might not realise that it had 
already decided that its human 
attendants were no longer. neces- 
sary. : 


How will it end? I suggest that 
the simplest way to find out is to 
make the thing and see. 
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A Grid-Controlled Vacuum 
Rectifier 


A METHOD of obtaining con- 
trolled output from a full-wave 
vacuum rectifier circuit is described 
by S. S. Peschel in Radio and Tele- 
vision News for November, 1948.* 

The anodes of a 6AS7-G are con- 
nected to the ends of a 825-0-325 
transformer and the cathodes are 
coupled together to provide the 
+ D.c. supply, the centre tap of the 
transformer being connected to 
— H.T. 

A potential divider of 100,000 
ohms is connected across the recti- 
fied output before the reservoir 
capacitor and the grids of the 
triodes are connected to the slider. 

The rectified output is smoothed 
by a choke and capacitor in the 
usual way, and a load resistor of 
25,000 ohms is connected across the 
output. 

With a load resistance of 6,300 
ohms a voltage variation from 140- 
382 V can be obtained by altering 
the bias applied to the grids. 
Greater variation in output voltage 
can be cbtained by using two 1625s 
or two 6Lé6s. 

It is claimed that this method of 
control has the advantages of 
simplicity and low cost, only 
requires one valve for the combined 
rectification and control action, and 
gives no increase in percentage of 
ripple as the output voltage is 
lowered. 

* Radio and Television News, Nov. 1948, p. 44. 





Variable Resistance Spring 
Transducer 


SENSITIVE  mechano-electric 

transducer which transforms 
small changes of movement into large 
changes of resistance has _ been 
developed by W. A. Wildhack, of the 
National Bureau of Standards. 

A resistance wire is wound in the 
form of a close helical spring so that 
the initial tension varies along its 
length. When the ends of the 
spring are pulled apart, the turns 
tend to separate one by one instead 
of uniformly and simultaneously. 

When closed, the resistance 
approximates to that of a cylinder 
of metal, but any small lengthening 
results in a large change in resis- 
tance. Displacements of 10~-° in. 
can be measured without ampliiica- 
tion. 

Ibid, p. 22. 
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A Cathode-Ray Tube Chronoscope 


By D. PITMAN* 


This article briefly describes the work done mainly in Great Britain and America over the past few years in the development of hard 
valve counting circuits primarily for use in ballistic research. Present practice is reviewed and a counter embracing a new system is des- 
cribed. The applications of such a counter and possible trends are mentioned, including some uses removed from the sphere of ballistics. 


| gencral principles of count- 
ing for the purpose of (a) the 
measurement of time in terms of fre- 
quency; or (b) straight counting, 
implying the ability of the circuits 
to count pulses occurring at pre- 
determined intervals not necessarily 
of a regular recurrence, have been 
known for many years and several 
methods have been adopted to 
achieve the desired results. In recent 
years the soft valve (thyratron) 
counter has been replaced by the 
hard valve counter and the majority 
of recent development lies in this 
field, although the new counter 
described is a combination of the 
two. 

The system adopted involves the 
measurement of the phase difference 
between two similar radio frequency 


* Marconi Instruments Ltd. 





generators, the boundary condition 
of the time interval determining 
with the oscillator the interval being 
measured to an accuracy of 10 #sec. 
The system is capable of straight 
counting with additional circuits, 
but its primary use is for the 
measurement of time intervals. 
Many measurements with time as 
the control element are capable of 
being made, and derivatives and 
integrals of particular functions may 
be found. A few of the better known 
applications are: 

(1) High-speed counting at speeds 
10° — 10° times higher than with 
mechanical counters. 

(2) Irregular counting, i.e., count- 
ing an event after a predetermined 
number have occurred. 

(3) Velocity measurements on pro- 
jectiles or moving objects. 


Historical 
The pioneer work of Wynn 
Williams’ and Lewis,’ on scaling 


circuits (counting) resulted in a 
number of independent workers 
investigating the performance and 
characteristics of both soft and hard 
valve counters. 

The well-known trigger circuit of 
Eccles & Jordan‘ was adapted by a 
number of workers (Refs. 5, 6, 7, 8, 
9, 10, 11) and considerable circuit 
ingenuity met with varying success. 
The interpretation of results re- 
ceived attention by H. McMarten 
and M. L. Pool.” The work of H. 
Toomin” and a Pentode counter 
due to Reich“ are good examples 
of the varied technique adopted to 
produce a reliable and efficient high 
speed counter. Other noteworthy 
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contributions were made by De 
Vault” and I. A. Getting and E. C. 
Stevenson.” 

The scale-of-two and scale-of-ten 
counter appeared to. have found 
most favour in England, Canada, 
and United States,’ probably on 
account of relatively simple inter- 
pretation of results. (See Refs, 17, 
18, 19, 26 and 21). 

A Direct Reading Chronoscope Description 

The chronoscope described utilises 
as far as is known a new system of 
indicating time intervals, in that 
the interval is displayed as a phase 
difference between two similar 
generators.* 

Reference to Fig. 1 demonstrates 
the essentials, which are briefly as 
follows: A stable (crystal controlled 
oscillator) drives two staircase wave- 
form frequency divider units, desig- 
nated F.D.U. Each input pulse 
from the oscillator charges a capa- 
citor until a predetermined poten- 
tial is reached—when the capacitor 
is discharged and the cycle repeats. 
The resultant waveform is shown in 
Fig. 2. 

By arranging the boundary con- 
ditions of the input signal to create 
a phase difference between these 
two waveforms, the time interval 
may be directly shown on a visual 
indicator such as a_cathode-ray 
tube. The staircase waveform from 
the upper F.D.U. in Fig. 3 is fed 
to the X-plate of the tube, while 
the lower F.D.U. is arranged to 
produce a pulse when the capacitor 
is discharged, and this pulse is 
applied to the Y-plate of the tube. 
Thus, when the F.D.U’s are in 


phase, the step waveform, output 





* British Patent Application 30666/45. 
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or marker pulse, and the cathode- 
ray tube indication will appear as 
in Fig. 3. 

In order to give a reading of the 
time interval to be measured, the 
top unit in Fig, 1 is synchronised 
with the “‘ start ” pulse so that the 
staircase waveform starts from zero 
potential on the initial boundary 
condition of the input time interval, 
while the bottom unit is similarly 
synchronised by the ‘‘ stop ”’ pulse, 
so that the staircase waveform is 
set to zero potential on the final 
time interval. It is obvious that 
the phase difference between F.D.U’s 
before applying the input time 
interval can have no bearing on a 
reading since this phase difference 
is destroyed by the START and 
STOP pulse. 

In order that the instrument may 
be direct reading, the frequency of 
the oscillator must be 10° c/s. and 
the F.D.U’s must divide by ten. 
Thus for a 100 Ke/s. oscillator and 
a time interval of 50 microseconds, 
there will be a phase difference of 
five steps between F.D.U’s and the 
cathode-ray tube indicator will 
indicate five as in Fig. 4. 

The lowest time interval that can 
be measured is limited by the 
highest oscillator frequency which 
may be used to maintain reliable 
operation of the F.D.U’s. The fre- 
quency adopted in the present 
design is 100 Ke/s., thus the mini- 
mum time interval that may be 
measured is 10° #S or one oscil- 
lator period. To extend the work- 
ing range of the instrument the 
F.D.U’s may be followed by other 
F.D.U’s as shown in Fig. 5. The 


total range of the present design is 
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10 4S — 99999 #S to an accuracy of 
+ 10 4S. 
General Considerations and Operation of 

Frequency Dividing Unit 

The circuit chosen after careful 
investigation operates on the diode- 
capacitor voltage integrating prin- 
ciple. Fundamentally, the circuit 
consists of a pulse generator V:, 
followed by a network of diodes, V2, 
Vs and capacitors (:,C2 as in Fig. 6. 

Negative pulses applied to the 
grid of V: are amplified and appear 
as large positive pulses at. the anode 
of Vi. 

To describe the operation of the 
circuit, assume that C: and C: possess 
no charge in the initial state. When 
the anode potential of V: swings in 
a positive direction, the diode Vs 
conducts and V: does not conduct, 
thus C: and C: are charged in series. 
When the anode potential of Vi 
returns in a negative-going direc- 
tion, V2 conducts and (: is dis- 
charged. Hence, C2 retains a charge 
of a certain magnitude depending 
upon the amplitude of the pulse 
applied to C: and (€: in series; succes- 
sive input pulses add increments of 
charge to C: until, when a certain 
predetermined potential level is 
reached, a discharge device is 
operated, returning the potential 
difference across C: to a zero. The 
cycle is then repeated. 

It is also possible to operate the 
circuit by applying positive pulses 
to the grid of V:, the valve being 
normally biased off, so that the 
voltage at the anode of Vi is at 
supply potential. When a positive 
pulse is applied to V:, the potential. 
at V: anode first swings in a 
negative direction and diode V: con- 
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Fig. 5. Schematic diagram of C.R.T. Chronoscope 


ducts, thus discharging Ci to zero 
potential. On the returning posi- 
tive swing of anode V:, C: and C: 
are charged in series and (C: is 
charged to a _ predetermined dis- 
charge level by a series of pulses as 
before; the voltage waveform will 
then be a “ staircase ’’ waveform as 
in Fig. 7. . 

The number of input pulses 
required to raise C: to the poten- 
tial where it operates the discharge 
device is the ratio of frequency divi- 
sion attained by the F.D.U. 

An expression K for the voltage 
developed across C: by the “ stair- 
case ’’ waveform may be derived in 
terms of constants of the circuit. 
Suppose large positive pulses are 
sealed between points A and B of 
the capacitor diode network of 
Fig. 6; we then have: 

E. = Magnitude of applied pulse. 

EC: = Voltage applied across (:. 

EC: = Voltage applied across C:. 


4 
-* C1 + C2 


and suppose that C: and (2 are 
initially uncharged; then when the 
first pulse is applied between A and 
B, C: and C: will be charged in series 
hy the positive-going leading edge 
of the pulse. Hence, since C: and C: 
are charged in series, the voltage 
across each of them after the 
positive - going leading edge is 
applied, and before the negative- 
going side of the pulse has arrived, 
will be inversely proportional to 
their respective capacitances. 
Therefore for the first half-pulse : 


fo" OE 
and ae 
ae 


On the negative-going side of the 
pulse, (: is discharged and brought 
to earth poiential since the diode V: 
conducts when its cathode is nega- 
tive with respect to earth. The 
diode V:, however, is non-conduct- 
ing and C: retains its positive charge. 


Therefore, for the first complete 
pulse : 

EC: = 0 and EC: = E.k 

Now consider a second pulse of 
magnitude E. applied to the circuit 
between the points A and B in Fig. 
6. The diode V: will not now con- 
duct on the positive-going edge of 
the pulse until its anode has become 
positive with resvect to its cathode, 
which has the same potential as (: 
(7.e., ExK). Hence, Ci and C: can- 
not be charged again until this 
potential is reached, and the effec- 
tive magnitude of the second pulse 
applied to C: and (: in series is 
(E. — ExK) or E. (1 — K). Hence, 
the rise in voltage across (C: caused 
by charging (: and (: in series with 
a pulse of effective magnitude 
E. (1 — KR) is: 

E.(1- K)K 

Therefore for the second pulse : 

EC: = E. (1 -- K) K 
C; is discharged by the negative- 
going side of the pulse as before. 

Similarly, the effective magnitude 
of the third pulse applied to C: and 
C: in series is: 


The rise in voltage across (: 
caused by the third pulse is there- 
fore: 

=K.-EK|1+(Q KJ] A 

= E.K (1 --.K) 


For third pulse : 
Ec: = E.K[1+ (1-K)+(1~ K)’] 


Fig. 6. Diode-capacitor integrating circuit 
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or for n pulses: 
Eo: = E.K[1+ (1- K)+(1 - KS 

+ (i ~ RY-"] (1) 

~- this 


1 
Since K = age 
C1 + (C2 


must always be satisfied. 


condition 


Alternative Polarity Operation 


The effect of applying pulses of 
negative polarity slightly modifies 
the operation of the circuit. If E. 
is the magnitude of the leading edge 
of the negative-going pulse, the 
action of the diode-capacitor net- 
work will be similar to the case 
treated above, except that C: will 
first be discharged hy the negative- 
going side of the pulse, diode V: 
being conducting, and on the posi- 
tive-going side of the pulse C: and 
C: are charged in series as before. 
Certain design features in the dis- 
charge device which is provided to 
discharge C: require consideration 
and are treated in detail below. 


Discharge and Trigger Circuit 


Referring to Fig. 6 it will be noted 
that reference is made to a device 
provided for discharging (2, It is 
well known that no reliable dis- 
charge valve, which will trigger of 
its own accord at a predetermined 
voltage level, exists and, therefore, 
it is necessary to include a trigger 
circuit to operate a discharge device 
when (: reaches the appropriate 
potential. The basic circuit used 
is that of a Schmidt trigger circuit 
(as in Fig. 8). 

One of the principle advantages of 
this circuit is that it contains no 
time constants. In the normal posi- 
tion Ve is conducting and Vs is cut 
off. The cathode potential of Vz, 
and hence the cathode potential of 
V; also, is determined by the p.c. 
potential network, Rs Rs, R: and 
Rs. When the voltage across (: 
approaches this common cathode 
potential, Vs begins to conduct (this 
potential may be termed the 
‘* Triggering Level ”’ of the circuit). 


Fig. 7 (right). ‘* Staircase’? waveform 
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A negative wavefront thus appears 
on Vs anode and is transmitted to 
V; control grid via the potentio- 
meter network and C: (C: accelerates 
the action of the circuit, but has no 
effect on the triggering level). 
Simultaneously, Vs cathode runs 
positive and hence V« cathode poten- 
tial also rises. Ve is, therefore, cut 
off, the common cathode potential 
falls back and a positive wavefront 
appears at V« anode. 

When the potential across C: drops 
below the triggering level Vs is cut 
off, the cycle is reversed and the 
circuit returns to its original condi- 
tion with Ve conducting. A positive 
pulse is thus produced by Vs. This 
is applied to the grid of the thyra- 
tron V:, which immediately con- 
ducts and discharges C: to its extinc- 
tion level. 

The fact that the circuit must 
operate quickly is a first essential 
and the anode load resistance of Vs 
is kept at a low value for this pur- 
pose—likewise the common cathode 
resistance R11 should be as small as 
possible, its least value being deter- 
mined by the maximum cathode 
current of Ve. Rs in Ve grid circuit 
is designated ‘‘ Set Triggering 
Potential.’’ Rs is included in the 
anode of thyratron, Vs to limit the 
anode current of this valve. The 
operating level of this circuit has 
been determined at approx. 190 
volts as the residual voltage across 
C: is 40 volts—a deflection of 150 
volts may thus be obtained which is 
adequate for the purpose. 

Auxiliary Circuits 
(a) Cancel Unit 

It has been mentioned previously 
that when a “Start” pulse is 
injected into the circuit, all the top 
units are simultaneously set to zero, 
and on the injection of a ‘‘ Stop ’” 
pulse, all the bottom units are set 
to zero. This must be achieved in 
such a manner that there must be 
no interaction between any of the 
F.D.U’s when they are running 
normally, and _ furthermore the 
“Start ’’ and ‘‘ Stop” pulses in- 
jected into the F.D.U’s must be 
introduced in such a way that the 
entire trigger and discharge circuits 
function in the normal way on 
returning the potential across (: 
to its zero reference level—i.e., the 
extinction potential of the thyra- 
tron. 

To meet the above requirement it 
is necessary to apply a pulse of 
short duration and of magnitude 
equal to, or slightly greater than, 
the triggering level potential to be 
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applied to the input grid of the 
trigger circuit Vs, Vs; this is accom- 
plished by applying the “ Start ”’ 
and ‘‘ Stop ’’ pulse through a diode 
V: connected to the trigger circuit 
(Fig. 9). ° 

It is essential that the 100 kilohm 
resistor be included in the circuit as 
shown, or the “ Start ”’ and “‘ Stop ” 
pulse will be heavily damped by the 
capacitor C2. To ensure that the 
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discrimination of the trigger circuit 
is not adversely affected by an 
impedance between C: and_ the 
trigger circuit input grid, a diode 
Vs is placed in shunt with the 100 
kilohm resistor as shown, so that 
there is a low impedance path from 
C: to the input grid of the trigger 
circuit, while the high impedance in 
the reverse direction is maintained. 
(b) Input Amplifier V, 


The amplifier V: consists of an 
EF.50 pentode connected as in 
Fig. 10 where the complete F.D.U. 
arrangement may be studied. The 
purpose of this valve is to pro- 
vide a _ positive output pulse of 
approx. 350 V when a negative pulse 
of amplitude 60 V is applied to the 
grid. This pulse is sufficient to 
drive V: to cut off. The arrange- 
ment is slightly modified in the case 
of F.D.U. in the “ Start” and 
** Stop ’”’ channels. 

(c) Cathode Follower 

It is essential to use a cathode 
follower to isolate the cathode-ray 
tube input circuit from C:, otherwise 
the load on C: causes a deterioration 
in the waveform. The valve used is 
a DH.68, since this valve has a high 
input impedance and a high # factor. 
(d) Brightener Circuit 

The marker pulse produced by 
the trigger circuit Vs, Vs, is too 
narrow by about 3 #S. to be applied 
directly to the Y-plate of the 
cathode-ray tube indicator, and as 
such is not easily visible at the 
lower frequencies. Accordingly a 
‘** brightener ”’ circuit is introduced, 
consisting of a conventional A.c.-D.c. 
flip-flop circuit, (Fig. 11), the width 
of the pulse output being adjusted 
by varying the a.c. cross-coupling 
capacitance hetween anode and grid. 
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Fig. 10. Frequency dividing unit and trigger circuit 
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It should be noted that the output 
pulse is taken from the screen, Vo, 
since the thyratron V« damps the 
pulse from the anode so heavily 
(refer to Fig. 10) that the operation 
of the “ brightener ”’ circuit might 
be impaired. 
(e) Cathode Ray Tube Indicator Circuits 

The cathode-ray tubes used for 
indicating the phase difference 
between units are Air Ministry 
Type VCR.189A selected for their 
small physical dimensions, low 
operating potentials and easy avail- 
ability. The beam-forming elec- 
trodes on each tube are fed from a 
conventional potentiometer network, 
the final anode and unused deflector 
plates being returned to earth and 
the grid-cathode end of the poten- 
tiometer being returned to a com- 
mon negative high tension line. 
Pre-set potentiometers are provided 
to vary the first anode and grid 
potentials for individually adjusting 
the focus and brilliance of each 
tube. A further pre-set potentio- 
meter is also included in series with 
the main divider potentiometer in 
order to adjust the final anode volt- 
age (and hence the deflector plate 
sensitivity on each tube); this in 
order that the horizontal trace may 
be lined up with the graduations 
marked on the tube face. The 
graduation marking or graticule on 
the tube face may be of any con- 
venient form which permits the 
stationary part of the scanning 
wave form and also the position of 
the marker pulse and hence the 
time interval to be read without 
ambiguity. 
Brightening Circuit 

To lengthen the life of the cathode- 
ray tube screens, some switching 
arrangement is necessary so that the 
tubes are switched on when the in- 
put pulse arrives, ‘but remain 
blacked out when the instrument is 
cancelled—this is accomplished by 
splitting each network as in Fig. 12. 

On receipt of the ‘‘ Stop ”’ pulse, 
switch ‘“‘S” closes and shorts out 
resistance ‘‘ R ’’—thus the grids of 
the cathode-ray tubes are made to 
approach cathode potential. Beam 
current flows, and the traces appear 
on the screens. When the instru- 
ment is ‘‘ Cancelled,’’ switch “‘ § ”’ 
opens and the traces are extin- 
guished. A small capacitance “‘ C ”’ 
is included across resistor “‘ R”’ to 
damp the abrupt potential changes 
when switch “‘ S ”’ operates, to avoid 
any reaction on the F.D.U’s. 

For a deflection potential of 150 V 






































Fig. 11. Brightener circuit 
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Fig. 12. Blackout circuit for C.R. tube 


the trace amplitude is. approx. 
4 cms., obtained with a final anode 
voltage of 600 V. 
(f) Master Oscillator 

The system used is a 200 Ke/s. 
crystal controlled oscillator to which 
is locked a 100 Kc/s. multivibrator, 
which in turn feeds into a buffer 
stage which utilises a cathode 
follower valve (Fig. 18). The shape 
of the output waveform is as shown 
in Fig. 14. The stability and 
accuracy of the crystal is approx. 
2-3 parts in 10° over a temperature 
range of 20-40° C. 


(g) Pulse-forming Unit 

The control circuit for the F.D.U. 
operation consists of Pulse-forming 
and ‘ Lock-off”’ circuit (Fig. 15), 
which is worthy of detailed atten- 
tion as it is essentially the control 
element for the Direct Reading 
Chronoscope. 

It will be appreciated that the 
‘* Start’ and ‘‘ Stop” cancelling 
impulses should have a magnitude 
slightly greater than the triggering 
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level of the F.D.U’s since a margin 
of safety must be allowed. As pre- 
viously mentioned,: ‘‘ Start’ and 
‘* Stop ”’ pulses are derived from the 
boundary conditions of the input 
time interval. These pulses must 
be positive pulses of magnitude 
greater than 200 V with a pulse 
width not greater than 5 #S. 

The Pulse-forming Unit must, 
therefore : 

(1) Accept the boundary pulses of 
the time interval and convert them 
into ‘‘ Start’ and ‘‘ Stop ”’ pulses 
of the type mentioned above. 

(2) ‘* Lock-off ’ after one pair of 
pulses defining a time interval have 
entered the circuit, so that other 
pulses cannot be accepted until the 
pulse-forming units have been re- 
set. 

(3) Control the C.R.T. indicators 
so that on receipt of a time interval, 
traces appear on the tubes. 

The ‘ Start ’? and ‘‘ Stop ”’ pulses 
entering the pulse-forming circuits 
are dealt with separately, that is to 
say, there are two completely 
separate channels, one dealing with 
‘‘ Start ’’ pulses and the other with 
“Stop ”’ pulses. Each channel may 
be divided into two sections com- 
prising : 

(a) ‘* Lock-off ”’ circuit. 

(b) Pulse-shaping Circuit. 
and the operation of these is as 
follows: 

(a) Lock-Off Circuit (Start Channel) 

The time interval boundary pulses 
are negative pulses with a magni- 
tude of 50 V or more. The “ Lock- 
off ’’ circuit must, therefore, be of 
such a nature that one such nega- 
tive pulse is sufficient to cause the 
circuit to produce a wavefront and 
also reject any following negative 
pulses. 

The circuit used for this purpose 
consists of a trigger circuit, Vu, Vu, 
as shown in Fig. 15. Vs. is normally 
conducting and V1 is cut off. On 
receiving a negative pulse, Vis is cut 
off and a positive wavefront appears 
at Vs anode; this is transmitted to 
V1: control grid via.a potentiometer 
R:, Rs and R: (Cs is included to 
accelerate the action of the circuit) 
and causes V:: to conduct. Coupling 
also exists through the common 
cathode load Rs, as in the Schmidt 
trigger circuit described previously. 
A negative wavefront is produced at 
the anode of V::, and Vie is held in a 
non-conducting state by the poten- 
tial divided network Rs, R:, Re. 
Hence any further pulse appearing 
at the suppressor grid of Vis cannot 
affect the circuit until it is re-set. 
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This is accomplished by opening the 
connexion between KR. and earth, 
when Vi grid will become positive 
in respect to cathode. Vu again 
conducts, the cycle is reversed and 
Vu is returned to its original cut-off 
condition. The positive wavefront 
formed at Vi is fed via C: to Vis 
where it is shaped into a “ Start ” 
pulse. 


























[ 200xe/s | | 100 Kc/s ome 

| Crystal Multi- 4 Buffer -—> 
| Oscillator Vibrator 

Fig. 13. Arrang it of oscillator 


(b) Pulse-Shaping Circuit (Start Channel) 


The wavefront from Fig. 18 anode 
is converted into a 3 4S. wide posi- 
tive pulse by the network C:, Rs on 
the control grid of Vis, a pentode 
biased beyond cut-off. The output 
from Vis anode is fed to Vis, a limit- 
ing amplifier, which produces a pulse 
of approximately 280 V amplitude at 
its anode. This pulse is passed to a 
cathode follower V2, whose cathode 
is directly connected to the cancel- 
ling diodes in the ‘‘ Top”’ section 
F.D.U’s. The pulse actually pro- 
duced by the cathode follower is of 
the order of 250 V amplitude and has 
a width of approximately 3 #S. The 
circuits used for the ‘‘ Lock Off ”’ 
and ‘‘ Pulse Shaping” for the 
“Stop ” Channel, are identical to 
those described above except that a 
relay is included in the screen of 
Vu, to operate the cathode-ray 
tubes after the ‘‘ Stop ”’ pulse has 
been received. 


pas oe 





Lev. (a) 
| | ete. (b ) 


Fig. 14. Oscillator and buffer output wave- 
form 

















(c) Power Supplies 


The power supplies are standard 
with full-wave valve rectification for 
H.T. supplies. Separate transformers 
are used for 6-V and 4-V low ten- 
sion lines to the F.D.U’s. The u.7. 
for the F.D.U’s, and also for the 
last three valves in each of the two 
pulse-shaping circuits, is obtained 
from the main 400 V transformer, 
but the input sections of the pulse- 
shaping circuits and the 100-Kc/s. 
oscillator derive H.T. from a separate 
300 V source. The 20 V bias line is 
supplied from a selenium rectifier, 
and is resistance-capacity smoothed. 








SHAPING CIRCUIT 


BIAS 
Lock-off circuit 


Fig. 15. 


Application 


The counter described and others 
mentioned in the text offer a medium 
whereby the physicist, electronic 
engineer, and industry may deter- 
mine very accurately any process 
directly or indirectly related to time. 
Counters of the type described have 
been used for a number of applica- 
tions where other methods are in- 
applicable and a few of the uses are: 


(1) Timing measurements using 
photo-electric cells as a_ transfer 
medium. 

(2) Frequency measurement (Ref. 

(3) Switch operation timing. 

(4) Timing operations associated 
with radar technique, Loran, etc. 


(5) Fuse timing. 
(6) Reverberation. 


(7) Measurements related to strain 
and displacement in civil engineer- 
ing. 


(8) In connexion with computing 
devices similar to the ENIAC, 

The above are applications which 
in themselves warrant attention 
but the facility and scope of the 
device particularly manifests itself 
in regard to (8) above, where 
developments as recently described 


in connexion with the ENIAC” 
which utilises counter circuits 
termed ‘‘ accumulators” in 


a 
similar manner, are likely to become 
of increasing importance. Further, 
the ‘‘ Health’’ devices associated 
with atomic energy research and 
development consist of counter cir- 
cuits which effectively respond to 
the ionization taking place in Géiger 


Muller tubes. These radiations 
require, in some cases, high resolvy- 
ing speeds in the recording 


mechanism for accurate counting 
and the electronic counter is the 
obvious instrument for such work. 
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Flectronic Engineering 


Fig. |. Front panel view of ionisation tester. 


OR many years it has _ been 

common industrial practice to 
flash - test equipment and com- 
ponents in order to ensure their 
suitability for the service for which 
they are intended. ~ As is_ well 
known, the requirement is that the 
item under test should not actually 
break down under a voltage con- 
siderably greater than that at which 
the item is to be operated. 
Existing Test Methods 


The usual types of high voltage 
testing equipment employed in in- 
dustry suffer from certain funda- 
mental troubles. They are usually 
dangerous and capable of generating 
considerable follow-up currents 
which cause extensive damage on 
breakdown. All the information 
which could be obtained during test 
is not usually presented, there is no 
indication of impending breakdown, 
and no opportunity for grading 
items under test without destroying 
them exists. 

By using electronic techniques it 
is possible to rectify some of these 
deficiencies, as will be seen. 

An Electronic lonisation Tester 


When the voltage applied between 
electrodes separated by an insulant 
is slowly raised, there is a value at 
which the voltages within the in- 
sulant readjust themselves, for in- 
stance, when a tiny void breaks 
down or when ionisation occurs. 
These changes are accompanied by 
the flow of very small currents which 
may be detected by suitable means. 
This fact is utilised in the apparatus 
described below. 

There are at least four types of 
voltage used in test apparatus; each 
has its own peculiarities and gives 
rise to differing results. These are 
direct, alternating, radio frequency 
and impulse voltages. An _ alter- 
nating test voltage is most easily 
provided since it is merely necessary 
to provide a suitable transformer 
* Airmec Laboratories, High Wycombe. 





with the necessary switchgear. An 
equipment has been produced using 
this method of obtaining the test 
voltage. A special detector circuit, 
using a resonant circuit to produce 
a distinctive signal whenever a 
change in current through the test 
piece occurred, was employed to give 
an indication of impending break- 
down. This instrument was heavy 


and bulky, since it had to incor- 


porate effective safety devices which 
also limited its range of application. 
Efforts were therefore turned 
towards a direct voltage test instru- 
ment which: could be made light, 
inexpensive, and yet capable of 
meeting most industrial require- 
ments, with safety and simplicity of 
operation as fundamental points. 
The resulting instrument is shown 
in Fig. 1 and its circuit in Fig. 2. 


High Voltage Source 


The first requirement is a source 
of fully controllable direct voltage, 
the upper limit of which is deter- 
mined by the maximum required to 
test the best components or equip- 
ments in ordinary industrial use, at 
least te their working voltage, but 
not necessarily to their ultimate 
breakdown. It was felt that 5 KV 
would probably meet the great 
majority of test requirements, and 
this was made the upper limit of 
the instrument described. 

A considerable saving in bulk and 
weight can be made by using a 
radio-freauency supply to the recti- 
fier in place of the mere common 
50 c/s. supply, since the smoothing 
capacitors will then be very small 
both physically and electrically and 
their energy storage correspondingly 
limited. Also an R.F. generator 


producing a suitably high voltage 
can be designed which will cperate 
from the power supply used to drive 
the detector amplifier. The design will 
not be discussed as there are several 
articles of recent date which are 
devoted te this subject. 
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An Electronic Instrument 


for 


High Voltage Testing 


By E. J. MEMBRY, B.Sc. (Eng.)* 


Curves of load voltage against load 
resistance, and current against 
resistive load are shown in Figs. 3 
and 4 respectively. From these 
curves it is seen that the current 
is effectively limited to a value 
which can cause nothing more than 
serious discomfort to a _ careless 
operator. 


Metering and Indicating Circuits 


The generator has a high internal 
impedance and therefore can only 
be subjected to loads of many 
megohms resistance if full output 
voltage is to be obtained. The volt- 
meter used to measure the voltage 
is a 100 micro-ammeter of robust 
construction with a series resistance 
of 50 megohms of suitable veltage 
rating. A relatively small resistor 
(45 kilohms) is included in the earth 
side of the gap and the voltages 
developed across this resistor during 
the test of an item connected in the 
gap produce the twofold positive 
indications of the condition of the 
item concerned. 

The ‘‘ Magic Eye” tuning in- 
dicator, so biased that it is normally 
almost closed, has its grid fed from 
the live end of the test resistor so 
that as soon as a direct voltage 
appears across the resistor the 
‘eye’? commences te open; a 
current of a few microamperes being 
sufficient to produce a movement. 
The ‘‘ eye”’ gives an indication of 
the order of the insulation resistance 
of the item under test, and poor 
insulants can be distinguished by 
this indication alone at quite low 
test voltages. The curve in Fig. 5 
shows the threshold of indication 
for various load resistances. 

The live end of the resistor is also 
coupled capacitatively to an ampli- 
fier having a high voltage gain of 
some 200,000 with a loudspeaker con- 
nected in its output circuit. When 
any minute fluctuating currents 
flow in the test resistor, correspond- 
ing voltages are built up across it 
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and the amplified signal is heard 
from the loudspeaker as a hissing 
crackling noise. 

Supposing a reasonably good in- 
sulant is being tested, as the test 
voltage is raised a value will be 
reached, provided any sign of 
deterioration occurs. within the 
range of the instrument, at which a 
slight hissing is audible from the 
speaker. This is the first sign of the 
onset of breakdown in the insulant, 
and as the voltage is raised the 
hissing becomes louder and higher 
in pitch until as the tuning indicator 
opens rapidly a ‘‘ plopping ”’ noise 
is heard and the applied voltage 
snaps down. With a self-healing 
insulant the discharge may be inter- 
mittent until the voltage is raised 
sufficiently to maintain continuous 
breakdown. 

Under normal conditions, there- 
fore, considerable warning is given 
before flashover occurs, since the 
voltage usually has to be increased 
by a large amount after the first 
hissing is heard, and it is not neces- 
sary actually to cause the item 
under test to break down. It would 
seem to be possible, using this 
method, to classify items according 
to what, for want of a better term, 
could be called their ‘‘ Ionisation 
Potential.” 


Applications 


With wider experience of the test- 
ing of components with this equip- 
ment, it will, no doubt, be found 
that the ionisation potential bears 
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Fig. 2. 
Schematic circuit 
of ionisation 
tester. 
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a fixed relation to the working life 
of the insulant or component when 
subjected to a given voltage, so 
eliminating the need to perform life 
tests on random samples. 

There is no doubt that this instru- 
ment can be used for a widely vary- 
ing range of applications where in- 
sulating materials are employed. 
For example, it may be used to test 
capacitors, transformer windings, 
electric motors and cables without 





Fig. 6. Detail of R.F. transformer used, 





showing simplicity of construction. 
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the need to damage severely or 
destroy the test sample. 

Breakdowns to earth are not 
checked by such a straightforward 
approach unless the item under test 
can be isolated from ground by the 
use of, say, wooden blocks, the test 
being carried out between the 
windings and the parts normally 
earthed. By sacrificing the magic 
eye indication, however, the audible 
signals of impending breakdown to 
earth can be received by connecting 
the test lead via a small high 
quality high voltage capacitor to 
the high voltage lead. Usually it 
will be practicable to use the first 
method, especially as the insulation 
resistance required of the blocks 
employed is not high, a _ value 
greater than 45 kilohms being all 
that is necessary. 


Conclusion 


An instrument has been developed 
which is likely to change materially 
high-voltage testing methods. It 
enables the presence cf ionisation in 
a component when subjected to a 
direct voltage to be detected. The 
voltage at which ionisation com- 
mences can thus be determined, and 
it is anticipated that in many in- 
stances it will be possible, with 
experience, to correlate this voltage 
with other properties; for example, 
the safe working voltage, the result 
of flash-testing, etc. The instru- 
ment is small, light, simple and safe 
to use, and_ relatively cheap. 
Although the instrument described 
is limited to voltages up to 5 KV, 
there should be no great difficulty 
in extending the range several times 
should a need arise. 

The writer wishes to express his 
thanks to Dr. C. Simmonds, 
under whose direction this develop- 
ment was carried out. 
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An Interference Eliminator For Vision Receivers 


By D. McMULLAN, M.A. Grad.I.E.E.* 


JISION interference limiters 
have, up to the present, operated 
either on the principle of limiting 
the interfering pulses to peak white, 
or inverting pulses having ampli- 
tudes greater than peak white so 
that they appear as black spots. 
The circuitt described below is 
designed so as to maintain the 
brightness of the scanning spot at 
the value it had immediately prior 
to the arrival of a pulse of inter- 
ference. The effect on the picture is 
that when a pulse of interference 
occurs while a part of uniform 
brightness is being scanned, such a 
pulse will not be visible. If a pulse 
occurs just before and persists while 
there is a change, say, from black 
to white, the black will be carried 
over the boundary. The-detail of 
the image is therefore broken up by 
interference, but on those parts of 
the picture which have little or no 
detail the pulses are not seen. 


A simplified circuit diagram of the 
device is shown in Fig. 1. The 
signal from the video frequency 
amplifier is passed through the 
delay line LC and is applied to a 
gate circuit made up of diodes 
D: D: Ds Ds and from there to the 
modulator of the cathode-ray tube. 
The gate is open when the cathodes 
of D: Ds are taken to a negative 
potential through a resistance and 
the anodes of D: D: to a positive 
potential, and is closed when these 
potentials are reversed. The open- 
ing and closing of the gate is con- 
trolled by the cathode coupled 
amplifier V1A-B which is so biased 
(V1A non-conducting, V1B conduct- 
ing) that the gate is normally open 
and the video signal is fed to the 
cathode-ray tube. Interfering 
pulses of greater amplitude than 
peak white are separated from the 
video signal by the diode D5 and 
applied to the grid of V1A causing 





* Cavendish Laboratory, Cambridge 
+ British Prov. Patent 
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Fig. |. Simplified circuit diagram of inter- 
ference eliminator 
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Fig. 2. Typical video waveform with inter- 
fering pulses at input of circuit {a)“and pulses 
removed at output (b) 





Fig. 3. Photographs of screen i . Above: 
with normal peak white limiter; below : 
with interference eliminator fitted 





this triode to conduct and eutting 
eff V1B, thereby closing the gate. 
The potential of the modulator 
remains at the value it had imme- 
diately prior to the closing of the 
gate due to the charge stored in 
C:, its stray capacity,’ which may 
with advantage be increased with 
a small condenser. At the end of 
the interfering pulse V1A-B resume 
their ncrmal condition and the gate 
is opened. The delay line is 
incorporated in order that the gate 
may be closed by any pulse before 
that pulse reaches the gate with the 
video signal, and the opening of the 
gate at the end of the pulse is 
delayed by C: so that the gate only 
opens after the end of the pulse has 
reached the gate. Fig. 2 shows 
typical waveforms at the input and 
output of the device, 


Of course pulses of smaller ampli- 
tude than peak white will not 
cperate the device, but this has not 
been found serious in practice as 
the majority of ignition pulses are 
of large amplitude. However in 
some cases it might be worth while 
to derive the pulses used to operate 
the gate from a separate receiver 
either tuned to a different fre- 
quency or connected to an aerial so 
arranged as to pick up only the 
interference. 


The photographs (Fig. 3) were 
taken simultaneously from two 
cathode-ray tubes fed from the same 
vision receiver, one having a normal 
peak white limiter fitted and the 
other fed through the deyi¢e 
described above. The receiver was 
situated 45 miles from Alexandra 
Palace and heavy. ignition inter- 
ference was present at the time. 
The photographs give some idea of 
the effectiveness of the circuit, 
although the interference does not 
show up in Fig. 3a as clearly as in 
practice, due to the length of the 
exposure (1/5th sec.). 
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Mechanical Problems 
in the Use of 


Glass-Based Valves 


By 

H. L. BOWEN * 
and 

D. N. CORFIELD* 


HE introduction of valves on 
miniature all-glass bases such as 
the B7G and B8A brings in its train 
not only technical problems in 
ensuring that the fullest advantage 
is taken of their high performance, 
but also mechanical problems in 
securing good contact between the 
small diameter pins and the corre- 
sponding contacts in the valve 
holder, and in avoiding risk of 
damage to the valve when it is in- 
serted into or withdrawn from the 
holder. 
It is scarcely necessary to mention 
the troubles resulting from faulty 
contact. An open circuit on a single 





* Members of the B.V.A. Technical Committee. 














Fig. 2. Pin-straightening 
tool in use 
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Fig. 3. The result of forcing glass-based valves into mis 


pin will, of course, usually render 
the valve inoperative and, at the 
worst, may cause severe damage to 
the valve itself. Intermittent con- 
tacts usually result in noisy opera- 
tion; and a high resistance contact 
will undoubtedly reduce the perfor- 
mance of the valve. 

Adequate contact area and pres- 
sure were easy to achieve in the old 
days of substantial solid or 
‘‘ banana ”’ pins and massive valve 
holders, and British Standard No. 
448:1947 lays down the maximum 
contact resistance, or alternatively, 
the maximum permitted voltage 
drop between valve pin and contact 
which will ensure satisfactory opera- 
tion. But the newer types of valve 
have pins of very small diameter, 
very closely spaced, and for this 
reason, and also to avoid the 
presence of large masses of solid di- 
electric, valve holders must be of 
miniature and light construction. 

It has not yet been possible to pro- 
vide a satisfactory specification for 
contact resistance for “ all-glass ” 


Fig. |. Pin- 
straightening 
tool 
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bases. The problem of securing 
satisfactory contact resolves itself 
into a matter of ensuring that the 
spacing and alignment of the valve 
pins is maintained within the 
original manufacturing tolerances, 
and that the contacts in the valve 
holder are accurately spaced within 
the same tolerances. 

If these conditions are not main- 
tained, not only is faulty contact 
likely to result, but there is a con- 
siderable risk that, in forcing the 
valve into the holder, the glass base 
will be fractured and the valve 
ruined. 

Two types of valve pins are at 
present in use. One type is of hard 
chrome iron, and the other is of 
nickel which is comparatively soft. 
It may be taken for granted that, 
as delivered from the factory, the 
valve pins conform to the specifica- 
tion as regards position and spac- 
ing. But by the time a valve pro- 
vided with soft pins is finally 
installed in the receiver, much may 
have happened to render these 
dimensions inaccurate. The valve 
may, for instance, be inserted and 
withdrawn several times while the 
receiver is being tested or serviced; 
or it may be subject to rough treat- 
ment while lying on the bench, or 
even in stock. 


Pin-Straighteners 


The only certain method of ensur- 
ing that the valve pins are satis- 
factory is the use of a _pin- 
straightener, for all valves having 
soft pins, immediately _ before 
inserting the valve in its holder. 
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Having disposed of the problem of 
valve pins, ,it is then necessary ta 
make equally certain that the valve 
holders are blameless. It -is very 
desirable that the contacts in the 
valve holder should have provision 
for “‘ fioat,’’ that is to say, they 
should have a degree of freedom of 
movement so that they may accom- 
modate themselves to the positions 
of the valve pins. But there is then 
a chance that while the wiring is 
being soldered to the valve holder, 
the contacts may be pulled com- 
pletely out of alignment, and any 
attempt to force the valve into the 
holder carries a grave risk of valve 
breakage. 

There are, of course, some forms 
of valve holder in which the solder- 
ing tags are anchored mechanically 
while still giving the contacts the 
necessary degree of “ float,’’ but in 
most cases both tag and contact 
have freedom of movement. It is 
then essential that the contacts be 
securely held in their correct relative 
positions while the wiring is being 
soldered to the tags. 

Displacement of the contacts may 
be due to the use of stiff or heavy 
gauge wire for soldering, but is, 
more often than not, the result of 
wiring components directly to the 
valve holder tag, or to the bad prac- 
tice of bending tags down to the 
chassis, or to other parts for direct 
earthing. Incidentally, the use of 
heavy gauge wire is quite un- 
necessary in ordinary receivers; it 
is only required in U.H.F. circuits, 
that is to say, for frequencies well 
above the normal short wave bruad- 
casting range. 


Wiring Jigs 


The solution, of course, is to 
insert a jig of some kind in each 
holder while the set is being wired, 
and this should be done whether the 
valves to be fitted have hard pins or 
soft pins. 

A spare or defective valve is often 
used for this purpose but this 
practice is to be deprecated. A valve 
so used may be on either limit of 
its dimensional tolerance and may 
become outside the tolerance after 
a short period of use, even if it is 
of the type employing hard pins, so 
that the socket contacts may be 
held out of alignment during solder- 
ing. A proper wiring jig employing 
accurately spaced hardened steel 
pins is therefore essential. 

The necessity for pin-straighteners 
and wiring jigs was recognised bv 
the Services during the war, and 





Fig. 4. Forms of soldering jig 


Fig. 5. Wire grip type of valve remover 


suitable tools were imported from 
the U.S.A. under “ Lease-lend ”’ 
and issued to manufacturers. In 
other cases some manufacturers con- 
structed their own tools at con- 
siderable expense. 

A drawing of a pin-straightening 
tool for valves on the B7G base is 
given in the appendix to British 


‘on the market. 
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Standard 418:1947. Drawings for 
tools for other glass based valves 
will be included in a revision of this 
specification now being prepared. It 
is therefore of interest to record that 
a range of pin-straightening and 
soldering jigs has now been placed 
These conform to 
the British Standard tolerances 
either already issued or to be con- 
tained in future editions on revision 
of this Standard. 


Valve Removers 

Not the least important of the 
advantages of miniature all-glass 
valves is their very small dimensions, 


making possible the design of 
extremely compact chassis. In 
this connexion, however, another 


‘mechanical problem arises in that 


the valve, once inserted in its holder, 
is often so hemmed in by other 
components that it is very difficult 
to obtain a grip on it with the 
fingers in order to withdraw the 
valve from the set. A special valve- 
removing tool will also be placed on 
the market at an early date, 

Two types of valve remover are 
illustrated. One is based upon the 
wire ‘stocking’ used by cable 
engineers for gripping cables when 
drawing them into ducts. The wire 
cage is slipped over the bulb of the 
valve, and when the handle is pulled 
the cage is automatically com- 
pressed, securely gripping the valve, 
which can then be drawn from the 
holder by a steady upward pull. 

The other type of valve remover 
depends for its operation upon the 
suction of a rubber cone which is 
slipped over the top of the bulb. 
A plunger is provided for ejecting 
the valve from the tool when it has 
been removed from the holder. 


The photographs of the pin straightening tool and 
soldering jigs were supplied by the Spear engineering 
Co., Ltd., Titan Works, Warlingham, Surrey, who are 
the makers 


Fig. 6. Suction type of valve remover 
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The Paris Television Convention--1948 


HE ‘Congrés de Télévision,” 

organised by the Société des 
Radioélectriciens, was held in Paris 
during the week October 25-30. 
A full programme of over 30 tech- 
nical papers and five organised 
visits was completed, and_ the 
following brief account deals with 
those items which appeared to 
hold the greatest interest at the 
time. 


Technical Papers 


Many of the papers of a pre- 
dominantly theoretical or specula- 
tive type do not admit readily of 
abridgement and must be studied 
in their entirety. The majority 
of these papers appear in some- 
what shortened form in L’onde 
électrique for October; also it 
is understood that the Society 
intends to publish a volume contain- 
ing the complete transactions of 
the Convention, including the dis- 
cussions. 

Prof. A. V. Castellani, president 
of the Italian National Technical 
Committee on Television, lectured on 
his conceptions of the future Italian 
television network, involving U.H.F. 
links, backed by a line network 
carrying synchronising data from a 
central source, and discussed’ the 
possibility of this becoming part of 
an eventual west-European network. 
As a rejoinder to those who regard 
such an idea as impracticable, it is 
well to add that the Italians have 
already done work on mountain-top 
relays (illustrated by slides in the 
lecture) and while it is obvious that 
much remains to he done, the 
achievements to date are _ note- 
worthy. 

The paper by A. Cazalas (Com- 
pagnie des Compteurs) ‘ La Projec- 
tion sur Grand Ecran des Images 
de Télévision ’’ was of interest in 
the results obtained by this com- 
pany at its teleciné demonstration, 
to which reference is made later. 

H. Gutton and J. Ortosi (Research 
Laboratory of the Compagnie 
Generale de T.S.F.) described a 
novel method of wide-band modula- 
tion of U.H.F. carriers. A 23-cm. 
transmitter, mentioned later, con- 
sists essentially of two cascaded 
power klystrons, master-oscillator 
and output stages. Direct modula- 
tion of the output stage is clearly 
impracticable, especially in view of 
the wide pass-band (+ 15° Mc/s.) 
required for a picture of 819 lines 


used by ‘C.S.F., so a magnetron 
modulator is coupled into the wave- 
guide connecting the power stage to 
the radiating horn. Modulation 
then takes place by varying the 
waveguide impedance locally and 
causing reflexion in the guide. By 
taking advantage of the wide varia- 
tions of the impedance ofthe mag- 
netron with anode voltage, practi- 
cally linear modulation is obtained 
throughout the range of carrier 
amplitude. 

G. Rabuteau, director of the 
‘* Laboratoire Central de Télécom- 
munications,’ spoke on _ transmis- 
sion by ultra-short-wave beams and 
gave an account of the development 
of wide-band power amplifier tubes. 
The performance of the latest tube 
of this type, the ‘two-stage ”’ 
klystron L.C.T.-8863-A, operating at 
a mid-frequency around 2,500 Mc/s., 

is claimed to he as follows :— 


Bandwidth Mc/s. Mc/s. 
(— 8 db.) 30 50 
(—0.1 db.) 10 15 
Output watts 10 5 
Gain 25 db. 20 db. 


Those who came into contact with 
the very original work of the late 
Dr. Fischer of Ziirich on the ‘‘ Eido- 
phore ”’ were glad to hear the com- 
prehensive paper given by Dr. H. 
Thiemann, bringing up to date the 
information on this outstanding 
development. Dr. Thiemann and his 
associates have made further valu- 
able contributions, in particular by 
shortening the ‘‘ memory ”’ of the 
device, which in the earlier versions 
tended to be too long for satisfactory 
results.* 

The absence of papers on general 
receiver problems was remarked. 
This was no doubt due to the fact 
that the receiver industry has not 
yet had much opportunity to get 
into its stride on a production basis. 


Visits 


The first of the organised visits 
was to the new Television Centre 
of the French broadcasting service 
in the Rue Cognac-Jay, about 
4-mile from the transmitter at the 
foot of the Eiffel Tower. Several 
large transmitting studios are in 
course of preparation and it appears 
that the facilities will be very con- 
siderable when the work is complete. 
However, another year or so will be 





* See ELECTRONIC ENGINEERING, p.362, November, 
1948. 


required to bring the project to com- 
pletion. A model of an interesting 
**Grue de Camera ’”’ was exhibited, 
permitting to the producer three- 
dimensional camera movement. 

An experimental system for tele- 
vision ‘in relief’? was shown in 
which the two images appear verti- 
cally one above the other on the 
screen of a single C.R.T: This is 
viewed through a simple lens system 
which restores the aspect ratio and 
gives apparently bi-optical vision. 
Quite convincing results were shown. 

Also at the Television Centre was 
a small exhibition at which were 
shown U.H.F. and camera tubes of 
many types, together with various 
pieces of specialised apparatus, 
generally with a _ vU.H.F. interest. 
Philips, C.S.F., Cie des Compteurs, 
SADIR, French Thomson-Houston 
and Les Laboratoires Radio-Elec- 
triques exhibited. 

The Compagnie des Compteurs at 
Montrouge staged a_ closed-circuit 
demonstration of their 1029 line 
system, using film transmission. The 
mechanical and electrical excellence 
of this gear is quite impressive, but 
it seems that the pick-up arrange- 
ments now used are incapable of 
doing justice to a 1,000-line system 
—a, remark which applies to most of 
the high-definition systems demon- 
strated. Also, the wide bandwidth 
of the system (of the order of 20 
Mc/s.) resulted in an appreciable 
amount of random noise visible on 
the screen. 

The C.F.T.-H. showed an experi- 
mental system working with a 
nominal 729 lines, but it appeared 
that limitations in the iconoscope 
prevented realisation of the expected 
definition. 

The Philips company demon- 
strated its well-known 30 by 40 cm. 
projection receiver on a transmission 
of 567 lines, a standard favoured by 
this company. Very satisfactory 
pictures were shown. 

Also seen were the mobile relay 
equipments of Sadir (455 lines) and 
Radio-Industrie (819 lines). Both 
impressed with their compact and 
workmanlike appearance and com- 
prehensive facilities. 

In conclusion, it is pleasant to pay 
tribute to the hospitality and un- 
failing kindness of the secretary and 
officials of the Société des Radio- 
éléctriciens during a most enjoyable 


week, 
R. G. Crark 
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Applications of Alternating Current 
Amplifiers to Optical Measurements 


ee quantitative study of the 
emission and absorption of 
energy in the optical region of the 
spectrum, which we may take as 
extending from 0.24 in the ultra- 
violet to 14# in the infra-red, and 
the application of absorption 
measurements to practical prob- 
lems frequently requires either the 
detection of low energy levels or the 
accurate matching of an unknown 
energy flux to an adjustable stan- 
dard. This article discusses the 
application of a.c. amplifiers in 
certain examples. 

There are many cases when a com- 
bination of a barrier-layer photo- 
cell, acting as detector, and a 
galyanometer to measure the out- 
put, provides sufficient sensitivity so 
that no amplification is necessary. 
The familiar luxmeter which mea- 
sures intensity of illumination, and 
photo-electric colorimeters used in 
chemical laboratories to match a 
coloured solution with standards of 
known strength, are good examples. 
However, when a more accurate 
measurement or match is required, 
the following limitations appear : 
(a) the sensitivity of the cell is not 
constant and depends on its previous 
treatment; (b) changes in intensity 
of the energy source (e.g., the lamp) 
may take place between making the 
observations; and (c) to obtain 
high sensitivity a D.c. amplifier is 
necessary, and the system becomes 
sensitive to changes in supply volt- 
ages, and also to the presence of 
any stray light which leaks into the 
apparatus. The latter effect can 
be reduced by interrupting the 
beam of radiation before it enters 
the eptical apparatus and using an 
alternating current amplifier to 
follow the detector. Then the pD.c. 
level is not observed, and supply 
voltage alterations have little in- 
fluence on the output. In order to 
remove limitations (a) and (b) it 
is necessary to make use of a com- 
mon source and detector and always 
to refer the absorption to a stan- 
dard, such as that provided by an 
optical wedge. By designing the 
system so that the energy reaches 





the detector alternately via the 
* Dept. of Biophysics, University College, 
London. 
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contain specimen and blank solutions. 
W—optical wedge. Ph—photo-cell. 


Fig. la (upper left). Photo-electric 
absorptiometer 


b (above). Detail of disk and 
aperture plate. The angular 
spacing between the apertures is 
equal to the angle subtended by 
one hole plus one blank at the axis 
of the disk. The apertures them- 
selves subtend an angle at the axis 
equal to that subtended by the 
holes of the disk 


c (left). Tuned amplifier for use 
with the instr t e outp 
is observed either by use of head- 
phones or an a.c. meter 
—from The Journal of Scientific 
Instruments. 








specimen whose absorption is to be 


found, and via the adjustable 
attenuator (wedge) we shall obtain 
an alternating component from the 
detector unless the absorptions 
happen to be equal. If the attenua- 
tor is set manually or automatically 
so that the absorptions are equal, 
the unknown absorption is measured 
in terms of the attentuator setting. 

In photometry we may wish to 
find the intensity of one source in 
terms of that provided by a stan- 
dard. In this case the sources can 
be arranged to _ illuminate the 
detector alternately, and a balance 
obtained by interposing a calibrated 
attenuator in the more _ intense 
beam. The source intensity is then 
measured in terms of the attenua- 
tor calibration. For work in the 
infra-red it is not possible to use an 
ordinary glass wedge, so an adjust- 
able vignette is substituted. The 
transmission of the vignette can be 
made proportional to the open area, 
provided the width of the opening 
is greater than a few wavelengths 
of the radiation whose energy is 
being observed. 


When measurements are required 
in the ultra-violet or visible regions 
of the spectrum at low energy levels 
the photo-emissive type of photo- 
cell is the best form of detector. It 
is only about 1 per cent. efficient in 
converting light quanta to free 
electrons, but nevertheless the mini- 
mum detectable energy is as little 
as 10-” watts (for a reading taking 
one second). Work in the infra- 
red is more difficult because an 
intense source is not available, and 
the detectors, either bolometers or 
thermocouples, are less_ sensitive. 
The limiting energy for signal equal 
to noise, using period of one second 
is about 10-” watts, but this is 
seldom attained in practice.” 

Recent work on photo-conductive 
materials, such as lead sulphide, has 
improved the possible performance 
for wavelengths up to about 3.’ 

Before going into more detail let 
us consider three examples of 
apparatus using a.c. amplification. 
Fig. 1 illustrates‘ an absorptiometer 
or colorimeter ‘in which the energy 
is switched between the two optical 
paths by means of a slotted disk 
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reminiscent of the early television 
disks. The aperture plate carries 
two holes which define the maxi- 
mum path area, and provide, with 
the circular holes in the disk, a fair 
approximation to a sine wave out- 
put when the absorptions are not 
balanced. In order to obtain zero 
signal at balance the total area 
illuminated must remain constant 
during rotation of the disk. The 
amplifier is tuned to the interrup- 
tion frequency and by use of a 
narrow bandwidth both noise and 
sensitivity to external influences are 
reduced. The _ interruption fre- 
quency is equal to the product of 
the number of holes in the disk and 
the rate of rotation; it is, of course, 
necessary to hold the speed suffi- 
ciently constant to keep the inter- 
ruption frequency within the pass 
band of the amplifier. An instru- 
ment cf this kind can be used to 
provide quantitative data on solu- 
tions which are colourless to the 
naked eye. 


Infra-red Spectrometer 


As the second example the infra- 
red spectrometer of Fig. 2 may be 
cited. In this instrument’ a single 
path for the energy is used, but the 
material whose absorption is to be 
measured only obscures half the 
total area of the slit, and an adjust- 
able vignette is interposed before 
the other half of the slit area. The 
rotating disk causes the energy 
beam to pass alternately via the 
specimen and the vignette. The 
emergent energy is focussed on to a 
thermocouple, the alternating out- 
put from which is a measure of the 
unbalance between the two paths. 
The alternating waveform is recti- 
fied by a mechanical rectifier driven 
by the interrupter, and after ampli- 
fication by the photo-cell galvano- 
meter combination the output is 
used to operate the vignette in such 
a way that the a.c. amplitude is 
reduced to a minimum. The cur- 
rent operating the vignette is also, 
used to actuate a recording pen, so 
the attenuation introduced in order 
to restore balance is indicated. By 
driving the wavelength adjustment 
of the spectrometer from a motor 
the instrument is made to produce 
a record of absorption versus wave- 
length. In order to reduce hunting 
a velocity feedback is used, by 
coupling the valve amplifier back 
to the galvanometer through a 
transformer. 

The accuracy of this instrument 
is substantially independent of 
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variations of the source intensity, 
and the detector sensitivity, in dis- 
tinction to those instruments which 
do not include a comparison path. 
The latter type has to be calibrated 
in order to know the output corres- 
ponding to 100 per cent. transmis- 
sion and one has to rely on the 
calibration remaining constant be- 
tween experiments. An example 
of a single beam spectrometer is out- 
lined in Fig. 3. The alternating 
component of the output from the 
detector is demodulated and dis- 
played on a_ cathode-ray tube 
against a measure of the rotation of 
the wavelength adjustment, which 
is motor driven. This kind of dis- 
play is rendered possible by use of 
a detenser of short time constant, 
which may be operated with an 
interruption frequency of some 
hundreds of cycles per second. 
A somewhat similar system in 
which, however, the output was 
not demodulated, is described in 
Reference 6. 

The above examples have been 
chosen to illustrate the applicability 
of a.c. amplification following use 
of a switched or interrupted beam. 
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The amplification which can use- 
fully be applied is limited by elec- 
trical noise or random fluctuations 
in supplies; by use of a narrow band- 
width these disturbances can _ be 
reduced at the expense of speed of 
operation. We may now sum- 
marise the variables in the detector 
and amplifier which affect the 
design. 


(1) Detector Impedance 


When a photo-emissive cell is used 
as detector it is best to couple it 
directly to a valve of high input 
impedance. The high resistance 
bolometers, of which the sensitive 
part is a semi-conductor, can be 
made to have a resistance of about 
a megohm, so they can be connected 
directly to most types of valve 
amplifier. It is low resistance detec- 
tors which require most care if opti- 
mum performance is to be attained. 
Unless the resistance can be trans- 
formed up to more than a megohm, 
the noise from the first valve will 
greatly exceed that from the detec- 
tor. If the operating frequency is 
low, it is necessary to use a trans- 
former of high primary inductance 
and high turns ratio. Not only 
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Fig. 2b. 


Detail of aperture plate and rotating disk. 


The aperture in this case subtends 


twice the angle subtended by the holes of the disk 
Fig. 2c. Elevation showing the division of he optical path between the vignette and the 
specimen 
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is such a transformer bulky, but 
it tends to pick up stray inter- 
ference. For this reason, better 
results are obtained at low fre- 
quencies by use of a galvanometer 
matched to the detector. If the 
field of the meter is supplied from 
an alternating source, of frequency 
equal to that of the interruption, 
the meter behaves as a tuned cir- 
cuit and rectifier combined, the 
effective bandwidth depending on 
the damping. Such an a.c. galvano- 
meter was used in conjunction with 
a cooled photo-cell to detect light 
energies down to 10-” watts.’ 


(2) Interruption or Switching Fre- 

quency 

The maximum frequency at which 
the system can be operated may be 
set either by the thermal response 
time of the detector or by the time 
constant of the circuit coupling the 
detector to the amplifier. Thus a 
fast bolometer can only follow a 
waveform containing components of 
frequencies up to some hundreds of 
i because of the finite time 
taken to warm and cool the element. 
A photo-emissive cell will operate 
instantaneously, but if it is asso- 
ciated with a load resistance of, say, 
10 megohms, and an input capacity 
of 30 pF the signal obtained at an 
interruption frequency cf 1 Ke/s. is 
only 60 per cent. of the zero fre- 
quency value of signal amplitude. 
Both the frequency of interruption 
and the bandwidth of the amplifier 
determine the maximum’ rate at 
which the signal amplitude can vary 





























| J Reference 
Waveform 
2 
1 $ AMPLIFIER 
[ +] 
tput 
2 2 
s Ss : z. Infra-red source S. Lam 
Ph Photocell D Rotating disk 
> c Specimen 
J s W.A. Wavelength adjustment driven together with P. 
2 < > 5 # P Potentiometer providing X-shift 
> > $ —PT B Bolometer or thermocouple 
> T > a 2 C.R.T. Oscilloscope 
aeee < 
4 resin: ore Fig. 3 (above). Spectrometer system in which the 
energy tr is ed by observing the 
4 5 amplitude of the signal outp Th 
a(e wi > Ee adjustment is driven from a motor and the abeorp- 
2 3 ; a “fl T T T3 tion spectrum is displayed on an oscilloscope 
> 
2 o (Left) Circuit using ‘‘ homodyne "’ system to regain 


the signal waveform by mixing the signal modulated 
carrier with a reference waveform derived from a 


and still be accurately reproduced 
by the amplifier. In order to decide 
these factors we must find out the 
maximum rate at which the signal 


level will change. Static instru- 
ments like photometers are not 
required to give an_ indication 


rapidly, so a very narrow bandwidth 
can be used, and the interruption 
frequency can be chosen within wide 
limits. The optimum value is dis- 
cussed below. 

In order to calculate the maximum 
rate of change of the signal level 
which will be encountered in the 
spectrometer we have to know (a) 
the rate of scan, and (b) the mini- 
mum wavelength interval corres- 
ponding to the slit width (this 
interval is a function of the disper- 
sion of the instrument and it can be 
kept constant by use of a cam adjust- 
ment on the slit), For example, 
if the wavelength range is 1-11“ and 
this is to be swept in one minute 
with a slit width corresponding to 
0.044, an abrupt change of trans- 
mission from 100 per cent. to zero 
will be spread over 0.24 seconds. 
In order to reproduce this we shall 
require a bandwidth of, say, 
3/0.24=12 cycles, and the interrup- 
tion frequency needed for at least 
3 cycles of the carrier to be included 
in the steep part of the signal 
envelope will also be 12 cycles per 
second. In practice such abrupt 
changes of the transmission are not 
encountered, so we are left with a 
margin of safety. If the scanning 
rate is toc great for the detector- 
amplifier system to reproduce it, the 


separate lamp-phot 





fine structure of the absorption spec- 
trum is lost (see Ref. (7) for 
illustrations). The short time con- 
stant of the semi-conductor bolo- 
meters renders them suitable for use 
with high rates of scan so it is 
possible to display the spectrum on 
a cathode-ray tube. 

When the interruption frequency 
is not determined by the maximum 
rate of response which is required 
it is generally pessible to find an 
re scare value which will give the 

hest signal to noise ratio. Parti- 

a rly when semi-conducting detec- 
fame are used it is found that the 
noise intensity increases as the fre- 
quency to which the system is tuned 
is diminished.* Since the signal out- 
put from a detector of finite time 
constant also increases as frequency 
is diminished, but not following the 
same law as the noise intensity, it 
is necessary to plot the ratio of 
these two variables against fre- 
quency in order to find the best 
value for the working frequency. 


(3) Method of Tuning 


The possibility of using a resonant 
A.c. galvanometer has been men- 
tioned. The mechanical rectifier 
system used in our second example 
has a discriminating effect for both 
phase and frequency, so no tuned 
circuit need be employed. When 
tuned circuits are used they can be 
either resistance capacity or induc- 
tance capacity combinations; the 
former prove more convenient at low 
frequencies, say up to 100 c/s., 

(Concluded at foot of next page) 
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A Simple Modulation Meter 


By A. J. MUIR, B.Sc., Grad.L.E.£. and J. W. WHITEHEAD,* B.Sc., M.1.E.E., F.Inst.P. 


N its essentials this device 
comprises : 
(i) A rectifier for radio frequencies. 
(ii) A rectifier for modulation fre- 
quencies. 


(iii) Arrangements for zero setting. 


(iv) An indicating circuit. 
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The R/F Rectifier 


The modulated input is applied 
across the potentiometer R: (Fig. 1) 
by means of a short length of wire 
which serves to couple the meter 
to the feeders of the transmitter 
generating the signal. An appro- 
priate portion of the voltage 
developed across R: is applied, in the 
case of 30-60 Mc/s. transmissions, 
to a 2-turn inductance L: which is 
coupled to 5-turn main tuning induc- 
tance Lz. Both these coils are self- 
supporting and lie along a common 

* Leeds Central High School. 





Fig. 1. Circuit of 
modulation 
meter 


Fig. 2. Signal 
waveforms in 
various parts of ' 
circuit. 


ComponentValues 








Vis Vy = 6H6 

L, = 2T (4 in. dia). 
2 = 5T (4 in. dia.) 
L,=V.H.F. choke 
= 0-500 Micro- 











axis. They are }3-in. diameter 
and are wound with 18 s.w.g. tinned 
copper wire with a turn spacing of 
one wire diameter. The inductance 
L: is tuned by a variable condenser 
C: of maximum capacity 100 pF. 
The R.F. input is applied via C: to 
one diode of the 6H6 valve V:, the 
load of which comprises R:, R: and 
R. in series. Condenser (Cs acts as a 
R.F. filter condenser in parallel with 
R; and Rs. The effect of the two 
capacitors C: and C: is to produce 
voltage variations across the R:,R:,Rs 
combination shown in Fig. 2c. (In 
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A.C. Amplifiers in Optical Measurements—contd. 


owing to the bulk of large induc- 
tances. It is necessary to pay con- 
siderable attention te the constancy 
of the motor speed to keep the signal 
frequency within the limits of the 
amplifier when a narrow bandwidth 
is used. This can be obviated by 
use of a type of homodyne circuit 
(Fig. 3b) in which a reference wave- 
form produced by a separate lamp- 
photo-cell combination is mixed with 
the signal in a bridge demodula- 
tor. The discussion regarding the 
linearity of the circuit to be found 
in an article on the Synchrodyne in 
this Journal applies also to this.’ 
No tuned circuit is required, and 
limitation of pass band is provided 
by a low-pass filter. The output 


waveform is suitable for application 
to the recording instrument or 
oscilloscope, whereas when a tuned 
circuit has been employed it is 
necessary to demodulate unless the 
carrier is displayed. 

Many applications to other kinds 
of physical measurement have been 
based on the fact that it is more 
convenient to amplify alternating 
E.M.F.s than D.c. levels. A recently 
described electrometer” for the 
observation of small electrostatic 
potentials makes use of the alternat- 
ing E.M.F.s produced on a charged 
fibre by a reed vibrating in its 
vicinity in order to find the position 
of the fibre, which in turn is a 
measure of the potential. Contact 


potentials set up between two 
different materials can conveniently 
be observed by arranging that one 
specimen vibrates near the other. 
The alternating £.M.F. which is set 
up in the circuit is amplified,” and 
for maximum sensitivity the ampli- 
fier is tuned to the _ vibration 
frequency. 
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the absence of these condensers, the 
variations would approximate to 
those shown in Fig. 2b). The mean 
rectified current in R:, R: and Rs is 
therefore proportional only to the 
unmodulated carrier level and not 
to the modulation depth; and super- 
imposed on this D.c. is the’ purely 
audio variatior shown in Fig. 2c. A 
proportion of the a.F. voltage varia- 
tions developed across R: is applied, 
via the r.F. filter choke Ls, to the 
A.F. rectifier. 

The A.F. Rectifier 


A fullwave bridge rectifier circuit 
using two 6H6 valves (V2,Vs) is used 
since it is more linear than a full- 
wave oxide rectifier, and more sensi- 
tive than the conventional single 
diode. By making C. of compara- 
tively large capacity, the rectified 
voltage approximates very closely to 
the peak applied a.F. voltage (E: in 
Fig. 2d). Any R.F. components 
which may be present are rendered 
ineffective by Cs and C:. With the 
bridge arrangement described, there 
is a standing pD.c. of about 200 #A, 
and so a cireuit is included to 
balance this out. 

The Balancing Circuit 


The 200 #A necessary to balance 
out the standing 1.c. of the audio 
rectifier system. is obtained by recti- 
fying the 6.8 volt heater peitin be volt- 
age with the aid of the second diode 
of V:. The output load of this diode 
comprises a 5,000 ohm _ potentio- 
meter (R.) in parallel with a 25 «F 
condenser (Cs). The movable arm 
of the potentiometer serves as the 
balancing control, and adjustment 
of it enables the standing current 
registered by the meter M to be set 
to zero when the switch S: is in the 
** mop ”’ position. 
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Resistor Rs forms the output load 
of the bridge rectifier unit. Filter- 
ing of unwanted R.F. currents is 
performed by L: and C.. 
Calibration 

The circuit diagram of a calibrat- 
ing device is given in Fig. 3. This 
comprises readily adjustable sources 
of A.c. and D.c. supplies, together 
with the necessary meters. 

The first step in the calibration 
process is the adjustment of the 
balancing circuit, which inciden- 
tally is done each time the instru- 
ment is used, and this consists 
simply of setting the potentiometer 
R. to give zero meter deflection 
with the switch S: in the ‘‘ Mop ”’ 
position. 

When using the instrument, it 
may be found necessary slightly to 
re-adjust Re on account of some R.F. 
leakage to V: and Vs cathodes and 
anodes; this must be done with the 
transmitter unmodulated and with 
the control R: adjusted for mini- 
mum input. 

The calibrator may now _ be 
plugged into jack J on the modula- 
tion indicator, and switched on; the 
switches on both calibrator and 
indicator should be set to ‘‘ mop,’’ 
and the ‘‘ set MOD ”’ control on the 
calibrator adjusted to produce full 
scale deflection on the indicator 
meter. The voltage E required for 
this is measured on meter Mu. 
Switches on both units are now 
thrown to ‘“‘ CARRIER,’’ and _ the 
‘* SET CARRIER” control is set by 
means of the meter M: to a voltage 
equal to EV2. The potentiometer 
R: is now adjusted to produce a 
half-seale deflection (250 #A) on the 
indicating meter, and the instru- 
ment is now ready for use. 


Fig. 3. 


Fig. 4. Front panel of instrument. 
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Calibrating circuit (R,=R,=500K 2) 


ye dimen- 
sions are 8} in. by 5 in. by 5} in 


The Instrument in Use 


With the switch S: set to “‘ caR- 
RIER,”’ the input potentiometer R: 
is adjusted to produce a 250 #A 
deflection. On throwing S: to 
‘‘ mop,” the meter indicates (per- 
centage modulation) x5 on the 
microamp scale, i.e. full scale 
deflection corresponds to 100 per 
cent modulation. The position of 
the instrument with respect to the 
transmitter is not critical, but the 
minimum input capable of giving 
the necessary 250 4A deflection 
should be used to avoid risk of 
burning out the input potentio- 
meter. 

General Points 


The calibration of the meter holds 
for modulation frequencies from 
below 100 c/s. to 15,000 c/s. Above 
the latter frequency the meter 
tends to read low, the error at 
20,000 c/s. being some 6 per cent. 
Variations of mains voltage have 
little effect on the setting of Re a 
variation of 30 volts does not 
necessitate rebalancing. 

The accuracy of the instrument 
depends on the accuracy of the 
original settings. Furthermore, 
the mains voltage must be sinu- 
soidal, and for this reason, the use 
of a voltage stabiliser in the supply 
leads should be avoided. 

The calibration is accurate only 
for sinusoidal modulations. 

Although the instrument  des- 
cribed operates only in the band 
30-60 Mc/s., it is clearly a simple 
matter to arrange for other fre- 
quency coverages by suitable coil 
design; and if greater flexibility in 
this sense is required, there is no 
reason why a plug-in arrangement 
of coils could not be used. 
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A High Sensitivity Photo-Electric Cell Circuit 


HE circuit described was 
developed to detect very small 
intensities of light fluctuating at 
frequencies of up to 1,000 c/s. in 
the presence of some daylight. 
The sensitivity cbtainable with a 
photo-electric cell is usually limited 
in the case of D.c. by amplifier drift, 
or in the case of .c. by noise in the 
photo-cell load resistance. Since a 
vacuum photo-cell is effectively a 
source of infinite resistance, both 
these factors may be improved by 
using a higher value of load resist- 
ance. 


Crawford’ has investigated the 


factors limiting the value of grid 


leak which may be used with an 
ordinary valve, and found that, by 
carefully choosing the operation 
conditions, resistances of 100-200 
megohms can be used safely with 


an E.F.36, or if either a cathode . 


follower or a triede circuit with a 
high anode load be used, this value 
may be increased to _ several 
thousand megohms. Grid currents 
of the order of 10-“A are still 
present, however, and their effect 
would have to be reckoned with in 
D.C. circuits. 

The circuit described may be 
regarded as being essentially a 
cathode follower, and will thus be 
stable with grid leak resistors of 
several thousand megohms. It has 
the advantage over the orthodox 
cathode follower that, as far as 
frequency response is concerned, the 
effective grid leak is Ra +(1+G), 
where Rg is the actual grid resistor 
and G the voltage gain of the valve: 
consequently the flat part of the 
frequency response characteristic is 
extended greatly towards high 
frequencies. Also, in the case of 
p.c, the output is very suitable for 
application to a further stage of 
amplification. 


Circuit Details 


The circuit as designed for an 
EF.36 valve is shown in the figure. 
The drain on the battery is negli- 
gible—a small fraction of a micro- 
amp—and it is thus possible to use 
the extremely compact layer-type 
deaf-aid batteries now available, 
and these will have practically their 
normal _ shelf-life. The ‘* Ever- 
Ready ” batteries type B.128 are 


* Royal Navy Scientific Service 





By M. J. TUCKER, B.Sc.* 





Sensitive Photocell 
Circuit 


The circuit is shown with 
direct coupling. For A.C., 
the second stage should ibe 





from the anode of Vv; in the 
normal manner. The metal- 


lising on V, is earthed 
R, l000MQ R, 4.72 
R, 680KQ4We C, .O! uF 


Rs 220KQ4We C, 2uF 
250 
R, 100KQ 4We V, EF36 














in 80-volt units, each of which is 
approximately 2} in. by 1} in. by 
3 in. The author has had one of 
these circuits in use for two years 
without replacement of the batteries 
being necessary. 

If a current ig injected on to the 
grid produces a change in anode 
voltage of Va and a change in grid 
voltage of Va; if Ra is the grid leak 
resistance (1,000 M2 in the circuit 
shown) and G the voltage gain of 
the valve (taken as positive), then 
the current through Rz will be 


Vo —-Va 

Ra 
but Va = —G Va. 
Hence Va+G Vea =ia Ra 


and the effective input resistance 
with respect to earth is 


= 16 


ee = I 
& oe 8 wo... 


This is also true for grid current, 
and hence is another explanation of 
why a cathode follower will be 
stable with much higher grid leaks 
than normally permissible. 


The output voltage for low 
frequencies is given by 
7 nk nin : eeasaciesnieeninein 
Va = “EG Ve = +t Be 
wg Meee ase ihe 
1+1/G | 
This, excepting the minus sign 


which indicates a phase inversion, is 
the same result as for a cathode 
follower, and the circuit is, in fact, 
a cathode follower with the earth 
and batteries connected in different 
places. However, the arrangement 
of grid leak and the connexion of 
the input between grid and cathode 
has the effect of reducing the input 


impedance, and, as pointed out 
above, this reduces the effect of 
stray capacities between the grid 
circuit and earth. 

It is a basic fact that negative 
feedback cannot affect  signal-to- 
noise ratio, and hence this and the 
signal-to-drift ratios will be as if 
the grid leak were connected 
between grid and cathode (with a 
suitable bias). This statement can 
be checked, of course, by consider- 
ing the effect of the various sources 
of noise. The thermal noise pro- 
duced by a resistor may be con- 
sidered as a current source in 
parallel with the resistor, and this 
current is proportional to 1/VR. 
Hence, since G is of the order of 
100, a gain in signal-to-noise ampli- 
tude ratio of approximately 10 is 
obtainable with this circuit for a 
given frequency response charac- 
teristic. 

The effect of any stray capacity 
between the anode and grid circuits 
is increased by the Miller effect, or, 
to put it another way, is not reduced 
by the feedback. It is therefore 
most important that there should 
be very effective screening between 
the two circuits. 

It is advisable to use sputtered 
metal rather than carbon resistors 
for the grid leak. 

Vacuum cells are preferable to 
gas-filled cells for most applications, 
as they produce less noise, and above 
the saturation voltage of about 
100 volts the sensitivity is practi- 
cally independent of the potential 
applied. 

Reference 
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VISIBLE 
VECTORS 


By F. de la C. Chard, 
M.Sc., M.1.E.E.* 


Y means of a cathode-ray oscil- 
loscope, the phase relationship 
between voltage and current in any 
A.C. circuit can be shown in the form 
of a vector diagram, without dis- 
turbing the circuit conditions. The 
method provides an effective demon- 
stration of voltage-current relation- 
ships in inductive and capacitive 
circuits and shows how such relation- 
ships differ for the source of power 
and the load. Comparison of trans- 
former primary and secondary phase 
angles, matching of instrument 
transformers or any indication of 
phase-angle, not requiring a high 
degree of accuracy, are simply and 
rapidly effected. a 
A single beam oscilloscope is 
required on which a pair of deflect- 
ing coils is mounted, so that its axis 
can be rotated about the tube. For 
some applications where greater pre- 
cision is required, a degree scale is 
fitted to measure the angle turned 
through by the coils.’ Only one 
pair of deflector plates, the X-plates, 
are used. The principle is_ to 
deflect the beam by means of the 
coils during one half-wave of current 
and by means of the deflector plates 
during one quarter wave of voltage. 
Fig. 1 shows that, for any phase 
relationship, it is possible so to 
choose the periods of current and 
voltage deflection that they do not 
overlap. With a lagging current, 
current deflection occurs from f to h 
and voltage deflection from c to e. 
With leading current, deflecting 
from d to g, it is necessary to use 
the other quarter wave of voltage, 
from a to c, to avoid overlap from 
d to e. 


It can be shown that when a 
cathode-tray beam  is_ deflected 
simultaneously by two sinusoidal 


quantities, having a phase difference 
of @ degrees between them, a circular 
trace is given when the two axes of 
defiection are separated by an angle 
of (180—9) degrees. With the volt- 
age axis of deflection fixed, the cur- 
rent coils are rotated until a circular 
trace is obtained. With this condi- 


*Merchant Venturers Technical College, Bristol. 
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Fig. 3. The Vectors shown on the screen 


(a) Setting for coil angle-lagging current 
(c) Setting for coil angle-leading current 


(b) Resultant vector diagram 
(d) Resultant vector diagram 


The current vector on the screen is brighter than the voltage vector, as the spot travels twice to 
the voltage vector’s once 


tion, if suitable half-waves of cur- 
rent and voltage are chosen, the 
angle between the two deflecting 
traces is the phase angle 9. To 
make this adjustment of deflecting 
coil position it was found to be 
sufficient to put on full wave of volt- 
age with half wave of current. The 
result, when the two amplitudes of 
deflection ane equal and the coil axis 








Fig. |. Voltage and current waves. The full 
line shows where the two waves do not 
overlap 


Fig. 2. Circuit diagram for obtaining a 


quarter-wave of voltage 
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properly set, is a semi-circular trace 
of the fish-hook form, shown in 
Fig. 3a and c. 

The deflecting coils are connected 
in the circuit, during the appro- 
priate half period of current, by a 
synchronous vibrator which connects 
balancing resistor, of resistance 
equal to that of the deflecting coils, 
in circuit during the other half 
period. If phase-angles of more 
than 15° are involved, it is neces- 
sary to supply the vibrator coil from 
a phase-shifting network so that the 
changeover, from current coils to 
balancing resistor, occurs at the 
current zero. The circuit for 
obtaining the quarter wave of volt- 
age is shown in Fig. 2. If the 
deflecting voltage is taken across 
the load resistor (R:) of the gas- 
filled valve (V:), the quarter wave 
c-e (Fig. 1) results. Taking the 
voltage drop across the resistance 
R: gives the quarter wave of volt- 
age a-c. Closing S: gives the com- 
plete voltage wave, required to set 
the current coils at the angle 
corresponding to the phase angle. 

The following three steps show 
how the method is applied to depict 
the voltage and current vectors, in 
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their correct phase relationship, for 
an inductive circuit. 

(1) Adjust the vibrator phase so 
that, with the coil axis vertical, the 
deflection is all to the left or all 
to the right of the undeflected spot 
position. 

(2) Put on a full wave of voltage 
(Fig. 2, S: to Q and S: closed). 
Rotate coils and adjust amplitude 
of voltage deflection until the trace 
is as Fig. 3a. If current or voltaye 
deflection is not sinusoidal, the 
resulting figure will only approxi- 
mate to a semi-circle, but neverthe- 
less a definite best setting of coil 
angle is discernable. 

(3) Put on a quarter-wave of 
voltage by moving S: to P and 
adjust negative bias on V: to give 
striking at the maximum value of 
voltage. Fig. 8b shows the result- 
ing oscilloscope picture. 

To determine the impedance resis- 
tance and reactance, the voltage 
amplitude is adjusted to make the 
two lines on the oscilloscope into 
the hypotenuse and one side of a 
right-angled triangle. The corres- 
ponding input voltage to the circuit 
of Fig. 2 is measured (Vrms.). If 
Ly,Li and Lx are the lengths of the 
voltage and current vectors and the 
distance between their extremities 


and di: the coil deflection sensi- 
tivity : am 
Circuit impedance Z = it a 
Lid 
Ohms sensitivity do = Z/ Lv 
ohms /cm. 
Circuit reactance = Lsd. ohms 
Circuit resistance = Lido ohms 


If the circuit is capacitive instead 
of inductive, the same procedure is 
followed; the only difference is that 
the coils are rotated in the opposite 
sense to give an oscilloscope trace as 
Fig. 8c, or with quarter wave of 
voltage as Fig. 8d, If the circuit 
under test is one in which the 
direction of power flow can be re- 
versed, the dependence of the 
vector relationship of voltage and 
current on the adoption of an input 
or output convention is well illus- 
trated. With the oscilloscope 
connexions arranged to give Fig. 3 
a and b, with an inductive circuit, 
reversal of power flow without re- 
versal of current or voltage connec- 
tions will give Fig. 8 c and d; this 
shows a current, Dias under one 
convention, becoming leading under 
the other. 


1 The Determination of Phase Angle by Cathode-ray 
Oscillograph. Chard. J.J.Z.H., Vol. 83, 1938, p. 681. 

* Vector D ms, Sign and Other Conventions. 
Robertson. Elec, Rev., Jan, 1940. 
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High Dielectric Ceramics 


Nee ceramic dielectrics having 
exceptionally high dielectric 
constants have recently evolved 
from research by George R. Shelton 
and Elmer N. Bunting at the 
National Bureau of Standards. 


The unusual electrical properties 
of naturally occurring titanium 
dioxide (rutile) have been known 
for over 40 years and have been 
useful in radio design for about 20, 
However, the very high values of 
dielectric constant of some of the 
titanates were observed only a few 
years before the last war. The 
current investigations have covered 
a study of the properties of di- 
electrics prepared by _ systematic 
variation in the composition of the 
alkaline earth titanates, using com- 
mercial titania (98.7 per cent. TiO:) 
and reagent quality carbonates of 


barium, strontium, calcium and 
magnesium. The _ powdered pre- 
parations, moistened with 5 per 


cent. of a diluted starch suspension, 
were dry-pressed in the form of 
disks 8 in. in diameter and } to 1 in. 
in height, preparatory to calcina- 
tion. Calcining eliminates most of 
the carbon dioxide and _ initiates 
reactions that affect the properties 
of the dielectrics. 


In the formation of specimens for 
study,. the finely ground calcines 
were moistened with starch suspen- 
sion and then pressed at 20,000 lb. / 
sq. in. in hardened steel moulds. 
The dimensions of the specimens 
were 0.025-0.10 in. in thickness and 
0.25-1.5 in. diameter. In the final 
heat treatment of the disks the tem- 
peratures, ranging from 100° to 
150° C. above these for calcination, 
were maintained for one hour. 


The investigations have shown 
that, in general, the power factor 
of the specimens increases with 
increase in content of barium 
titanates. For example, the power 
factor for strontium _ titanate 
(measured at 1 Me/s. at 25° C., 
and with less than 40 per cent. 
relative humidity) is 0.0001, while 
barium titanate under the same 
ecnditions gives a power factor of 
0.01. Measurements made at a 
frequency of 3,000 Mc/s. indicate a 
general lowering of the dielectric 
constant and a poorer figure of 
merit as compared to the values 
obtained at one megacycle. 

M. Loranr” 
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The Prestopunch 


HE  home-constructor’s _ prob- 

lem of cutting circular holes 
for such items as_ valveholders, 
fuses, indicator lamps, etc., in sheet 
metal and thin plastic sheet has 
been simplified by the introduction 
of several types of punch designed 
for the purpose. 


One pattern has a punch, die and 
separate pilot pin. The die is sup- 
ported on a solid surface, such as a 
small anvil, and the punch ham- 
mered through. Another type relies 
on a screw thread to pull the punch 
into the die. The screw is turned 
with either an Allen key or a 
spanner, the thrust being taken on 
the underside of the screw head and 
the top of the die. 


The screw thread is used in the 
Prestopunch, but the _ turning 
mechanism is a capstan-shaped nut, 
drilled for a tommy bar, and long 
enough to reach inside most chassis, 
while leaving the tommy bar high 
enough to turn without fouling the 
chassis sides. Friction has been 
considerably reduced by using a 
thrust-race between the capstan-nut 
and the punch, an improvement 
that certainly makes the punch 
easier to use. 


The difficulty of removing the 
blank from the die after use has 
been overcome by using a_ loose 
punch and die. The punch is forced 
right through the die and, after 
use, the punch, blank and die are 
left loose on the bolster. 


The punch and die, as supplied, 
are for 14-in. holes, but a complete 
range of sizes from 3 in. to 1} in. 
by 4 in. steps has been provided. 
This. makes the set cheaper than an 
equivalent set of ° individual 
punches. 


A #-in. screw thread has been 
used to obtain sufficient strength, . 
and consequently the Prestopunch 
requires a 3-in. clearing hole to be 
drilled in the chassis... The punch 
in use upholds the. manufacturers’ 
claims for it, and*is very satisfac- 
tory. 

H. Morton 


Prestopufich tools can be obtained 
from Tele-Radio (1948), Ltd., 177a 
and 211 Edgware Road, London, 
W.2%, who are the sole distributors. 
The price is 2ls. for the single 


“punch and die. Extra punches are 


4s. 6d. each. 
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Electronic Equipment 


A monthly record of British electronic apparatus, components, and 
accessories, compiled from information supplied by the manufacturers. 


Taylor Cathode Ray Oscillograph 
Model 30A 


Ts Taylor Model 30A is a general purpose oscillograph 
incorporating a 34 inch electrostatic tube. It is designed 
to give a very wide range of applications, and incorporates a 
variable-gain vertical-trace amplifier, a variable-frequency 
time-base generator, and has provision for external coupling 
to both sets of deflection plates. 

The saw-tooth generator using a thyratron valve has a 
range of 10 to 10,000 c/s with continuously variable frequency 
control, a 6-position switch and variable resistance giving 
coarse and fine frequency adjustment. In addition to the 
saw-tooth generator, provision is made for using the 50-cycle 
mains supply as a sinusoidal horizontal trace, and it is also 
possible to use an external source of deflection voltage. 

A push-pull amplifier, operating on the input to the 
vertical deflection plates, is provided. A three-position 
switch is fitted by means of which relative gains of 1,10 and 
100 times may be selected and, in addition, there is a poten- 
tiometer which gives continuously variable control from zero 
to the maximum selected by the switch. The amplifier has 
a sensibly linear response from about 10 to 30,000 c/s, but 
is useful up to about 100 Kc/s. It is also possible to make 
direct coupling to the vertical deflection plates. 

There are twelve controls. Four are used for controlling 
brilliance, focus, and horizontal and vertical shifts ; two—a 
selector switch and a potentiometer—operate on each of 
the inputs to the vertical and horizontal deflector plates ; 
two controls are for the selection of time base frequency. 
In addition, there are two controls for synchronisation ; 
one selects the source of synchronising impulses—internal, 
50 cycles, or external—and the other is a potentiometer 
controlling the amplitude of sunchronising voltage to the 
time-base generator. The on-off switch is integral with the 
brilliance control which ensures that the instrument is 
switched on and off under conditions of minimum tube 
brilliance. 

The instrument is operated from A.C. mains 40-100 c/s— 
three-position mains voltage adjuster at the rear enables 
selection to be made for 100-120, 200-225, or 226-250 volts. 
The power consumption is approximately 20 watts. 

The overall dimensions are : Height, 124 in., width, 74 in. ; 
— 15 in., and the weight is approximately 24 Ib. Price : 

10s. 
Taylor Electrical Instruments Ltd. 
419-424, Montrose Avenue, Slough, Bucks. 


Marine Radar 


N the Promenade deck of Southend Pier a Radar 

Research Station has been built by Henry Hughes & Son, 
Ltd. for research work and the instruction of Engineers and 
Ships’ Officers in the use of Kelvin-Hughes Marine Radar 
equipment. 

In addition to the research station an auxiliary display unit 
has been included in order that the general public may have 
their first glimpse of Radar in action. 

A unique feature of the equipment is the compact mounting of 
the transmitter/scanner unit in which the aerial is immediately 
above the transmitter. This is enclosed in a water-tight 
casing which contains the magnetron transmitter, automatic 
frequency control unit, aerial turning mechanism, modulator 
and general power supply unit. 

Kelvin and Hughes Ltd., 
107, Fenchurch Street, London, E.C.3. 


. 
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Hermetically Sealed Transformers 


A range of hermetically sealed transformers 
designed to operate under the most 
abnormal conditions, and maintain their 
characteristics when subjected to such wide 


temperature variations as —40° C. to a 
maximum working temperature of 100° C, 
with up to 100 per cent. humidity and to 
operate up to an altitude of 50,000 feet. 
A comprehensive range of transformers 
and chokes can be accommodated within 
the seven container sizes already standard- 
ised. Models 5088/2 and 3 were developed 
especially as miniature audio frequency 
transformers and incorporate internal Mu- 
metal screens which completely enclose 
an astatically wound coil and core assembly. 
Power transformers up to 170 VA. at 
50 c/s A. F. Transformers from the miniature 
input variety up to the 60 watts audio 
output types and chokes of 20 Henries, 
250 milliamps, are within the range 
immediately available. 
Parmeko Ltd., 
Percy Road, Aylestone Park, Leicester. 


Varistrobe, Type TF906 


Ts Varistrobe is a small portable A.C. mains-operated instrument for 
the observation [of rotating, reciprocating or vibrating mechanisms 
in slow or arrested motion. The light source employed is a Neostron 
lamp in an oscillatory circuit which may either run free, be synchronised 
with the supply mains, or be synchronised electrically or electro- 
mechanically with the equipment under investigation. The frequency 
range is approximately 10-260 c/s. corresponding with speeds of 
600-15,600 r.p.m. A special feature of the design is the provision of a 
phasing control which, when synchronisation is employed, enables the 
flash to take place at preferred parts of the cycle. 


The lamp unit, which is removable for the close 
inspection of the object under test, is stowed in a 


compartment at the top. 


Dimensions: Approx. II” high x 74” wide x 7}” 


deep, with handle folded. 
Weight : 12 Ibs. approx. 


Marconi Instruments Ltd. 
St. Albans, Herts. 


Flectronic Engineering 


Midget Electric Motors 


BB ecapes types of miniature motor designed 

for use in control equipment : 

|. High résistance split field D.C. motor, 
with separately excited low voltage 
armature and direct-coupled feed-back 
generator. The high resistance fields 
provide matching loads for high slope 
pentodes and are operated in opposi- 
tion, a difference of 2.5 mA causing the 
armature to rotate. Patt. No. M.10 
Mk. 2 


Dimensions : Overall depth 53 in., 
height 3} in., width 2} in. Spindle 
diam. : 0.218 in. 

2. Miniature D.C. motor which can also be 
adapted as a feedback generator, giving 
20 V at 7,000 r.p.m. 

Length 1.75 in., diameter 1.125 in. 
6,000 r.p.m. 30 V. Weight 3.2 oz. 
Patt. No. M.I1. 

3. Hysteresis type self-starting synchronous 
motor, 3,000 r.p.m., 3-ph. or single 
phase with phase-splitting circuits. Over- 
all length 3.25 in., diameter 2.032 in. 
Patt. No. M.17, Mk. I. 

Henry Hughes & Son, Ltd., 
2 Caxton Street, London, S.W.|. 





Mains Connectors 


HESE connectors are rated at 250 V max. 
3-4 amp. and are tested at | KV peak. 
Terminals or tags accept up to 23/36 s.w.g. 
The type shown is intended for fitting to 
cabinet back for automatic discon- 
nexion on opening the cabinet. 
Details of full range of connectors 
supplied on request. 
A. F. Bulgin & Co., Ltd. 
By-pass Road, Barking, Essex. 
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Floatless Liquid Level Control 
System 


HE Londex ‘‘ Lectralevel ’’ system is used 

for the automatic pumping out, pumping 
in, or maintaining the liquid level in a 
container. The illustration shows the work- 
ing principle of the ‘‘ Lectralevel ’’ system 
controlling a drainage pump for emptying a 
sewage container. 

The system works without float and if 
the suction pipe inlet is earthed and used 
as a common electrode, only one control 
wire is necessary. The motor starter is 
controlled by the Londex mercury switch 
relay type LQA. 

Londex Ltd., 
Anerley Works, 207, Anerley Road, 
London, S.E.20. 
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CORRESPONDENCE - Residual Hum in Valves 


Dear S1r,—In reply to the letter 
published in the July issue from Dr. 
Grey Walter and colleagues, I 
shculd like to suggest the following 
explanation. 


Even after all reasonable pre- 
cautions, the electrode system of 
the valve in a first stage comes 
under the influence of either or 
both of two magnetic fields of 
“‘ mains ”’ frequency: (a) that due 
to a mains transformer, even if 
seme feet away; (b) that due to the 
heater of the valve itself, if mains 
operated. In connexion with (b), 
it may be mentioned that a double 
helix heater gives less magnetic 
field effect than the more usual 
W-type of heater. This magnetic 
field may modulate the electron 
stream, causing hum, especially if 
there are magnetic materials form- 
ing low reluctance paths within the 
valve. 

Nickel and iron are commonly 
used in valve _ electrode -construc- 
tion, and the B-H magnetisation 
curves of such materials have a 
very low slope in the region of the 
origin, and then rapidly increase 
slope as H is increased from zero. 
The slope, of course, decreases 
again towards the saturation value 
of B. A cyclic variation of H, as 
from an alternating magnetic field, 
will cause a cyclic variation of B 
in the electrode material described 
by a small hysteresis loop. The 
extreme points of this loop will lie 
on the steady state B-H curve just 
described. If the electrode material 
is already slightly magnetised, the 
loop will lie on that part of the B-H 
curve having appreciable slope, and 
an appreciable fluctuation of B will 
result, which may modulate the 
electrode stream. If the electrode 
material is now de-magnetised, the 
loop will lie on that part cf the B-H 
curve near the origin which has 
very low slope, and a much smaller 
fluctuation of B will result, in- 
sufficient to modulate the electron 
stream detectably. 


N.B. Permeability (equals B/H) 
may be taken as an indicator of the 
slope of the B-H curve. As an 
example, typical silicon steel Trans- 
former iron has an initial per- 
meability of about 400, and a 
maximum permeability of ten times 
this value.—Yours faithfully, 


W. I. Heatu 


Dear Srr,—The letter by Dr. 
W. G. Walter and Messrs. Shipton 
and Warren on ‘* Demagnetising 
Valves as a Cure for Residual 
Ripple’ in the July issue has 
aroused great interest among valve 
users. A number have, however, 
drawn false conclusions, and I would 
like to draw attention to several 
points not mentioned in the article. 


Measurements were made in our 
Laboratory on a batch of EF37’s 
including a number of _ valves 
rejected because of excessive mag- 
netic hum, and the effect of de- 
magnetisation and magnetisation 
on the magnetic hum was observed 
both in triode and pentode con- 
nexions. 


(All results below, it must be 
understood, are in the nature of 
generalisation, as variations between 
individual valves are large). 

(1) Demagnetisation of valves as 
received produced no improvement. 
No evidence was found that normal 
production valves or rejects were 
initially magnetised, 

(2) Magnetisation in various 
directions produced different results 
in triodes and pentodes. 

(a) In triode connexion the hum 
often increased very considerably, 
for example a typical result is: 

Magnetic hum, valve unmagnetised 

3 FV equivalent 

Magnetic hum, valve magnetised 

12 #V equivalent, 
the hum being expressed as. the 
voltage which, when applied to the 
control grid, would’ give the 
measured hum component in the 
anode current. 

(b) In pentode connexion sub- 
stantial changes may occur, but 
such changes were found to be 
totally random both in magnitude 
and direction; thus a pentode with 
an initial hum of, say, 12 #V equiva- 
lent may after magnetisation have 
a hum of 7, 12 or 20 eV. 

(3) On demagnetising the mag- 
netised valves they returned to 
their original hum levels. 

As a discrepancy seemed to exist 
between these results and those of 
Dr. Walter’s, he was approached, 
and from the ensuing correspon- 
dence a _ probable’ explanation 
emerged: as Dr. Walter was using 
a number of Ticonal magnets in his 
equipment it was likely that his 


valves had become magnetised by 
occasional proximity to these mag- 
nets during storage or in handling 
before use. Furthermore, he was 
using the EF87 in triode connexion, 
so that our measurements are in 
full agreement with the reduction 
he observed cn demagnetisation. 
In general, therefore, demag- 
netisation cannot he considered as 
a method of reducing magnetic 
hum in the EF37, unless the valves 
have previously been accidentally 
magnetised, and even then consis- 
tent improvement can be expected 
only in the case of triode 
connexions. 
Yours , faithfully, 
L. H. Lieut, 


VALVE MEASUREMENT AND APPLICATION LABORA™ 
TORY, MULLARD RADIO VALVE Co, Lrp. 


Dear Sir,—Mr. Light’s letter 
contains some interesting informa- 
tion, and one feels that the dif- 
ference between pentode and triode 
connexions should be an important 
clue to the origin of the effects 
under discussion. 

The much higher effective impc- 
dance of the valve connected as a 
pentode would, of course, have an 
appreciable effect upon all types of 
hum and noise, but the exceedingly 
high leveis of hum found in some 
individual valves in this class, 
suggests that some other effect may 
be present. Hum levels equivalent 
to 50-100 #V are not uncommon in 
pentodes of the EF87 type, and 
the statistical distribution appears 
to be far from normal, so that it 
would seem to be worth while to 
inquire further into the mechanism 
whereby heater voltage snd current 
modulate the electron stream in 
these conditions. 

We certainly agree with the final 
paragraph of Mr. Light’s letter, 
since it would be too much to hope 
that demagnetisation would he 
effective if the valve had not pre- 
viously been magnetised. The fact 
remains that many valves of the 
EF37 and other types obtained 
through various channels are found 
to be slightly magnetised and de- 
magnetisation of these does reduce 
the hum level in our amplifiers. 

Yours faithfully, 
W. Grey WaAtterR, 
H. W. Sureton, 
W. J. WarREN. 


BURDEN NEUROLOGICAL INSTITUTE. 
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NOTES FROM THE INDUSTRY 








R.C.M.F. Exhibition in Stockholm 


Organisers of the Exhibition of 
British components and test gear for 
the radio and electrical industries at 
the Kungshallen, Stockholm, are well 
satisfied with their progress in making 
Swedish manufacturers and the Ser- 
vices acquainted with all that is avail- 
able for export in Britain. The Pye 
television demonstration there had a 
six-day run during which 10,000 people 
saw the studio performances. 179,000 
watched the reception on sets placed 
in various parts of the N.K. Stores, 
Stockholm. The studio audience were 
also able to watch the performances on 
the screens of sets placed near the foot- 
lights of the stage and facing the audi- 
torium. During the six weeks the Pye 
team were in Scandinavia some 824,000 
people have seen British television in 
action over the air. 
Navy, Electrical Branch S.S. 
Commissions 


The Admiralty announces that it will 
offer Short Service Commissions in the 
Electrical Branch of the Royal Navy 
to former officers of the Torpedo, 
Special, Electrical, and Air Branches 
of the R.N.V.R. who were employed 
on technical duties connected with 
Radar, Wireless, Air Radio, Air Elec- 
trical, or General Electrical equipment. 
The period of service will be five years 
on the Active List, to be followed by 
four years on the Emergency List. 
Candidates must have completed one 
year’s mobilised service as an officer, 
and be under the age of 35 on Janu- 
ary 1, 1949. They must be medically 
fit, and must fulfil the normal nation- 
ality requirements. Further details 
are available from and applications 
should be made to the Director of 
Naval Electrical Department, Admir- 
alty, Queen Anne’s Mansions, London, 
S.W.1. 


Royal 


Scemco, Ltd. 


This company which has specialised 
in fluorescent lighting and electrical 
components is to enter the field of 
electronics. In their showrooms in 
Soho Street, London, W.1, they are 
displaying television and other equip- 
ment for the amateur constructor, but 
later on propose to enter the manu- 
facturing and distributing fields of 
industrial electronics. 


“« The Ignition of Ignitrons ”’ 


Messrs. Hirst Electronic Develop- 
ment, Ltd., have pointed out that the 
subject of the note on page 850 of the 
November, 1948, issue of ELECTRONIC 
ENGINEERING is covered by their pend- 


ing Patent Application No. 10856 of 
1947 having been developed by the 
author when he was in their employ. 
ment. 





A Modern Home-Built 


TELEVISOR 
ANNOUNCEMENT 





3rd Edition 


A third edition of the Electronic Engineering 
booklet will be ready shortly and readers who 
have already placed orders will have copies 
despatched as soon as they are available. 


Wiring Diagram 


A detailed wiring diagram has been pre- 
pared for less experienced constructors and 
is now available, price 3s. 9d., including 
postage. 


Components 


Components additional to those given in 
the November, 1948 issue as having been 
approved for use in the Electronic Engineering 
Televisor have now been tested. The full 
list of such components approved, to date, 
now reads:— 

Scanning Coils 
(i) Haynes Radio Ltd. 
(ii) Scanco Ltd. 
Focus Coil 
(i) Haynes Radio, Ltd. 

(ii) Porthminster Engineering, Ltd. 

(iii) Scanco Ltd. 

Line Output Transformer 
(i) Haynes Radio, Ltd. 
(ii) Scanco Ltd. 

E.H.T. Transformers 
(i) Haynes Radio, Ltd. 

(ii) Partridge Transformers, Led. 

(iii) Vortexion, Ltd. 

(iv) Woden Transformer Co., Ltd. 

H.T. Transformer 
(i) Gardners’ Radio, Ltd. 

(ii) Partridge Transformers, Ltd. 

(iii) Varley (Oliver Pell Control, Ltd.). 

(iv) Vortexion, Ltd. 

(v) Woden Transformer Co., Ltd. 
250mA and 80mA Chokes 

(i) Gardners’ Radio, Ltd. 

(ii) Partridge Transformers, Ltd. 

(iii) Varley (Oliver Pell Control, Ltd.). 

(iv) Vortexion, Ltd. 

(v) Woden Transformer Co., Ltd. 


Correction 


In the list issued last month the name 
**Scanco’’ was followed by the name ‘(R.!. 
Led.)’’, implying that a connexion existed 
between the two Companies. There is in fact 
no association between them. Apologies to 
both for the error. 











A for 
Hall-Mark British 
Plastics 





Certification of plastics is being de- 
veloped from an agreed scheme between 
the B.P.F. and the B.S.I. and the 
Certification Mark illustrated is to be 
issued for approved plastic materials 
and products. It is comparable to the 
Hall Mark on silver and is intended 
as an independent assurance that the 
article bearing it conforms to precise 
requirements laid down by an 
authority other than the producer. 


Sheet and Strip Metal Users’ 
Technical Association 


The Annual General Meeting and 
Winter Conference of this Association 
is to be held in London on December 
9 and 10 at the Waldorf Hotel. Papers 
are to be given on ‘“‘ Impact Extru- 
sion,” ‘‘ Pressure Welding,” ‘‘ Applica- 
tion of Phosphate Treatment to Wire, 
Tube, and Deep Drawing, etc.” and 
“Contact Welding.’”’ The Association 
has registered offices at 49 Wellington 
Street, Strand, London, W.C.2. 


A.B. Metal Products in Canada 


As a result of inquiries received after 
their display at the 1948 Canadian 
International Trade Fair a factory for 
the manufacture of A.B. products is 
to be opened in Canada. The location 
of the factory, which will be a fully 
owned subsidiary of A.B. Metal Pro- 
ducts, Ltd., is not yet settled, but 
negotiations are well in hand. 

Mr. L. C. Bray, formerly of C. H. 
Parsons, Birmingham, has left Luxor 
Metal and Plastics Ltd., and has joined 
the staff of Messrs. A.B. Metal Pro- 
ducts, Ltd., in the capacity of works 
manager. 


Retirement of Mr. H. A. Price-Hughes 


Mr. H. A. Price-Hughes, A.M.I.E.E., 
manager of the Publicity Department 
of the B.T.H. Co., Ltd., has retired 
after 44 years’ service with the com- 
pany. Under his managership the 
total number of B.T.H. technical pub- 
lications in current use rose from 55 to 
over 7,000. 

Mr. Price-Hughes is succeeded by 
Mr. C. H. Chaplain, who joined the 
company in 1912, and who has been 
deputy manager of the Publicity De- 
partment since April, 1947. 


** British Television ”’ 


A few copies of the Supplement 
“* British Television,’ which was issued 
with this journal in September, 1948, 
are still available for television dealers 
who wish to use them for publicising 
television in displays, etc. 

Re gs should be made to the 
Circulation Department at the offices 
of this journal. 

The reference to the E.M.I. trans- 
mitter which was made in the Supple- 
ment is not strictly accurate, since the 
present television system was developed 
and the equipment supplied to the 
B.B.C. by the Marconi-E.M.I. Televi- 
sion Company. 

Both the Chelmsford and Hayes 
laboratories co-operated in this work, 
and although since the war the two 
companies have proceeded indepen- 
dently, it is only fair that the part 
played by the Marconi Company in 
supplying the equipment should be 
recognised. 














Recently Published 


THE PRESENTATION 
OF TECHNICAL 
INFORMATION 


REGINALD O. KAPP. 
Dean of the Faculty of Engineering in the 
University of London 


Crown 8vo0. 147 pages 6s. net. 


“ .... should be in the library of every 


works and research laboratory, it should 
be consulted larly b who have to 
write, until they w it almost by heart...” 
(Chemistry and Industry) 
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Electronic Engineering 


Electronics 


By F. G. Spreadbury, (Pitman and Son* 
55s. net). 


HE author defines “ electronics ”’ 

as the “ science and application of 
the electron.” If taken literally, elec- 
tronics would, according to_ this 
definition, include all electrical theory 
and practice, all electrical engineering, 
and practically the whole of modern 
physics. Unless some limitation is 
imposed, such as that in most elec- 
tronic devices free electrons are in- 
volved, the subject becomes far too 
wide in scope. Books on “ electronics,”’ 
as the term is generally understood, 
fall into three categories :— 


(1) Electron physics, dealing essen- 
tially with electron dynamics in 
vacua and gases. 


(2) Electronic technology, which 
covers the ey and design of 
basic electronic devices. 


(3) Applied electronics which in- 
cludes electronic measuring 
instruments, radio-frequency heat- 
ing and a vast array of industrial 
aids, 


The preparation of a good book on 
any one of these three aspects of elec- 
tronics would be a formidable task in 
view of the rapidity with which the 
subject is expanding, but the author of 
this book has, in 690 pages, attempted 
to present to the reader ‘familiar 
with the principles of the main 
branches of classical physics” and 
with a ‘‘ mathematical standard in- 
cluding the calculus ”’ a balanced view 
of the whole subject. 


Electron physics is covered in 196 
pages in Chapters 1 to 4 dealing with 
the kinetic, quantum and _ atomic 
theories, gaseous electrical conduction, 
electron dynamics, electrons in metals, 
and photo-electricity; even Einstein’s 
theory is thrown in for completeness. 
The whole gamut of modern physics is 
presented cursorily in kaleidoscopic 
manner from which the average reader 
will glean “less and less about more 
and more.” 


The material on electronic technology 
lies scattered about the book. High 
vacuum diodes are dealt with in 
Chapter 8, and triodes, tetrodes, and 
= in Chapter 10; gas-filled 

iodes are covered in Chapters 9 and 
15 and gas-filled triodes in Chapter 9, 
phototubes in Chapter 18 (although no 
actual circuit is given), cathode-ray 
tubes at great length in Chapters 6, 7 
and 17, X-ray tubes in Chapter 5, and 
electric discharge lamps in Chapter 19. 
Power rectification is discussed at some 
length in Chapters 18 and 14, valve 
amplifiers and valve oscillators cur- 
sorily in Chapters 11 and 12 respec- 
tively. 


Applied electronics is covered in 
Chapter 16 on Electronic Measuring 
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Instruments and a few words in 
Chapter 20. Three simple valve volt- 
meters are described: a somewhat ob- 
solete electronic ammeter, a simple 
electronic wattmeter and ohmmeter, and 
a crude temperature 9 measuring 
device. 


The reader is left with the impression 
that electronic devices have been used 
solely to measure the electrical para- 
meters, voltage, current, resistance, 
and power. The versatility of elec- 
tronic devices, the importance of which 
cannot be emphasised too strongly, 
has not been considered, and there is 
no mention at all of the many 
electronic instruments for measuring 
capacitance, inductance, frequency, Q, 
pressure, speed, colour, moisture, tur- 
bidity, pH, etc., there is no reference 
to induction or dielectric heating and 
only scant reference in Chapter 20 to 
the cyclotron, betatron and the elec- 
tron microscope. 


At the end of most chapters there 
is a bibliography, but the manner in 
which these references thave been 
selected gives the impression that the 
author is unaware of a vast amount 
of literature on the subject. There is 
not a single reference to “ Elec- 
tronics,’ ‘* Electronic Industries,’’ 
** Proceedings of the Institute of 
Radio Engineers,” or a single American 
book; anyone working in this field 
realises the predominant rédle which 
such literature has played in the 
development of the subject. Tf a 
bibliography is to be given at all the 
references should be selected to give a 
reasonably unbiased picture of the 
subject; nationalism can go too far. ~ 


The index has been compiled in 


a curious manner: subjects such 
as the electron § microseope, the 
betatron. cvclotron, triode, diode. 


voltage regulators, cathode-ray tubes 
and X-rays do not apvear at all. 
whereas subiects such as “‘ PM6 valve,”’ 
“Valve B.D.12,” ‘‘ clean-up.” and 
*“Q point” leave the seeker in some 
doubt as to what is to be found in the 
text: because the author chooses to 
designate the intersection of two lines 
in Fig. 11-11 by the symbol O he must 
not assume the reader will know this 
when he is using the index. 


The terminology and _ examples 
chosen are often quite out of date; for 
example, the term “ specific inductive 
capacity’ is rarely used nowadays, 
the oscilloscope fully described on 
p. 587 is an obsolete type, and so also 
are the triode-pentode and _ octode 
circuits on pp. 885 and 8386. 
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/REVIEWS 


Although well printed with good 
illustrations, the book on the whole is 
not well balanced: some subjects are 
over-emphasised, for example three 
chapters are devoted to the cathode-ray 
oscillograph, while other devices of far 
more importance are not mentioned at 
all. 

There is as yet no other book which 
claims to cover the whole field, and it 
is unlikely that one could be written; 
the author’s book is, therefore, unique 
but unfortunafely he has attempted 
the impossible. 


H. A. Tuomas 


General Electrical Engineering 


By Philip Kemp. 448 pp. Odhams Press. 
Price 9s. 6d. 


T is somewhat difficult to review a 

book of this character. The work is 
represented as being a comprehensive 
introduction for students, apprentices 
and all connected with the electrical 
engineering industry. For students and 
apprentices (and the latter should also 
be students) this book surely gives the 
wrong approach. A student for at 
least the first two years of his studies 
should be given the fundamental con- 
cepts of electricity and magnetism, the 
electric and magnetic circuits and the 
principles of electromagnetic machines. 
This provides the sound foundation so 
essential for the proper understanding 
of the more detailed and specialised 
studies in the later years of a student’s 
training. In this book, however, the 
fundamentals are covered in the first 
chapter of less than 40 pages and a 
fair proportion of this space is occupied 
by photographs of machines and 
apparatus. The succeeding chapters 
are each more or less self-contained and 
deal in a descriptive manner with the 
subjects of generation and transmission 
of power, installation work, electric 
motors. utilisation and application of 
electricity. In addition there are two 
chapters on telegraphy and telephony 
and radio communications and _ tele- 
vision. These chapters are well written 
and the numerous diagrams and 
illustrations are commendably clear. 


The text gives a very readable survey 
of the various subjects although the 
information provided is necessarily 
somewhat superficial. The majority of 
the chapters demand a fair technical 
knowledge on the part of the reader 
for a proper appreciation. 


W.. ED. 


Electronic Engineering 


Fundamentals of Electrical 
Engineering 


By V. P. Hessler and J.J. Carey. 241 + x 
pp. McGraw-Hill, Price 2ls. 


toe is an important book for the 
serious student of electrical en- 
ineering dealing, as it does, with the 
undamental concepts of electricity and 
magnetism which are here treated in 
a strictly logical manner. The authors 
rightly point out that unless the elec- 
trical engineer understands clearly the 
source or basis of each fundamental 
quantity he will experience difficulty in 
understanding many of the new prob- 
lems. In this connexion the authors 
indicate throughout the text the source 
of each fundamental relation; i.e., 
whether it is obtained as a_ direct 
result of experiment, definition, deriva- 
tion, or generalisation. The question 
of unit systems is treated extensively 
and the text is written in the m.k.s. 
system, but all relations are given in 
general form so that either the c.g.s. 
electromagnetic or the c.g.s. electro- 
static system of units may be applied 
to any of the relations. 


There are soine very sound chapters 
on electric circuits including one on the 
more complex circuits and _ one 
on network theorems—superposition, 
Thévenin’s star-delta, among others. 
Magnetic fields and circuits are treated 
in a very thorough manner and there 
are chapters dealing with transients 
and magnetostatics. 


A large number of _ searching 
questions and problems is. given at the 
end of each chapter. 


It is of importance to note that the 
student should possess a prior know- 

ge of physics and of the integral 
calculus or should take these subjects 
comenernnne with the reading of this 
ook, 


A work which may be confidently 
recommended to the degree student and 
to the advanced student in physics. 


W. H. D. 


“Wireless World’”’ Diary, 1949 


Published by Iliffe & Sons Ltd., price 3/4}d. 
net. 


Bes reference pages of this diary, 
now in its 8lst year of publica- 
tion, contain information, mostly 
technical, of the kind which is useful 
in the design and maintenance of radio 
equipment. 


The section includes. useful formule, 
abacs for coil windings and circuit 
constants, lists of units, abbreviations, 
etc., with a number of miscellaneous 
circuit diagrams. Base connexions for 
some 400 valves are included. 


Data is given for television and extra 
short-wave aerials; this has been re- 
vised to include F.M. aerials designed 
for the projected B.B.C. service. 
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BOOK REVIEWS (continued) 


“Electric Contacts 


By Ragnar Holm, Ph.D. 398 pages. Alm- 
quist & Wiksells Akademiska Handbocker. 
Hugo Gebers Forlag, Stockholm, 


AGNAR HOLM in the opening 

words of his preface touches on a 
fundamental aspect of contact engineer- 
ing which, while being obvious to 
engineers and physicists, is seldom fully 
appreciated. This is that every elec- 
trical circuit, however complex or 
simple, must have in some way an 
electrical contact associated with it and 
as such poses a contact problem. In 
view of this fact it is somewhat regret- 
table that little pure research or 
practical development work has been 
undertaken as compared with that 
devoted to other fields of scientific 
endeavour. A fuller realisation of this 
lack of knowledge should act as a spur 
to future investigation which in turn 
should lead to progress in electrical 
engineering construction of all types. 

This book is an excellent example of 
progressive work in the contact field, 
representing not only the collective 
experience and theories of an expert, 
but also detailed results of his experi- 
mental work. The reader will be 
impressed by the thoroughness of the 
treatment of each of the four parts into 
which the book is divided. 

Part I covers the theory of stationary 
contacts, that is contacts in which 
relative movement does not occur 
except as a simple opening and closing 
action, or alternatively as a junction 
between two conductors in which of 
course there is no relative movement. 
From the start Holm attempts to 
clarify the exact meaning of terms often 
employed loosely in contact engineer- 
ing such as, for instance. contact 
resistance, breaking the problem down 
to fundamentals and as a result pro- 
pounding a number of entirely new 
concepts. Taking as an example con- 
tact resistance, a new mode of approach 
is used covering contact res‘stance as 
a function of the construction of the 
current path due to limited areas of 
contact rather than the more usual 
acceptance that contacts of a given 
size, material and shape, closed under 
a given contact pressure can be 
expected to present a given resistance, 
the value of which can and does lie 
between wide limits. Holm’s work to 
date may not give a more exact value 
of resistance to be expected but will 
undoubtedly have a considerable in- 
fluence on the design and contour of 


contacts and of their operating 
pressures. 
It is obviously not possible to 


consider here all the many factors 
considered by the author, but it is of 
interest to note that such widely differ- 
ing aspects of contact problems such 
as 8 effects, mutual repulsion of 
symmetrical contacts, the mechanical 


properties of the contact material, 
conduction through tarnish and water 
films and the contact conditions in 
carbon microphones are dealt with. 
The second section of the book deals 


with sliding and frictional forces 
involved between contact surfaces. 
The remainder of the section, an 


unfortunately small part, deals with 
the conditions governing conduction 
through sliding surfaces, of the 
graphite-graphite and graphi te-metal 
types, special reference being made to 
commutation and slip rings and a few 
pages devoted to the special problem 
of sliding collectors of the type used 


for overhead power collection and 
traction equipment. 
Probably the most _ interesting 


section, at any rate to the practical 
engineer, is the third, devoted as it is 
to the phenomena _ experienced in 
switching contacts. The treatment of 
the subject in this section is essentially 
concerned with the conditions in the 
contact gap rather than the design of 
the contacts themselves. The physics 
of the production of arcs between 
contacts are considered at length, 
together with the conditions determin- 
ing their duration. An excellent treat- 

ment is given of arc quenching, 
together with useful theoretical treat- 
ment of the problem of the design of 
quenching circuits to suit individual 
applications. The remainder of this 
section is devoted to material transfer 
both by vaporisation of the contact 
materials and by the rupturing of 
molten bridges. Details of experi- 
mental work relating to the assess- 
ment of the magnitude of transfer are 
given, but this unfortunately would 
appear to be for idealised cases rather 
than for practical application. 

A short and interesting historical 
section concludes the book, except for 
an excellent author and _ literature 
index and a number of appendices 
relating to the foregoing text. 

One would, in conclusion, like to 
comment to the effect that excellent 
as this book is for the theorist and 
experimental worker it does not un- 
fortunately offer as much useful work- 
ing data as one could desire to the 
engineer and designer of switchgear 
for everyday industrial use. One can- 
not hope, of course, for both a 
theoretical treatment and a practical 
treatment to be complete in one 
volume, but more attention to prac- 
tical examples of the theoretical points 
raised would have extended the use- 
fulness of this book. 

Finally a word of congratulation 
must be given to those who handled the 
translation into English, as the book 
is not only an excellent example of 
English writing but the technical 
terminology is both clear and concise. 


D. O. Wararr 
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DECEMBER MEETINGS 


The Institution of Electrical Engineers 


All meetings, unless otherwise speci- 
fied, are held at the Institution of 
Electrical Engineers, Savoy Place, 
London, W.C.2. 


Radio Section 


December 1. Time: 5.30 p.m. 

Lecture: ‘‘ Fixed Resistors for Use in 
Communication Equipment, with 
special reference to ‘ High Stability ’ 
Resistors.”’ 

By: P. R. Coursey, B.Sc.(Eng.). 

Date: December 14. Time: 5.30 p.m. 

Discussion on: “‘ V.H.F. Mobile Radio- 
Telephone Services.” 


Date: 


Opened by: D. H. Hughes. 
Measurements Section 

Date: December 7. Time: 5.80 p.m. 

Lecture: “‘ The Application of the Re- 


current Surge Oscillograph to the 
Study of Surge Phenomena in Trans- 
formers.” 

By: E. L. White, - -. (Eng.) and W. 
‘Nethercot, M.A., 

Lecture: “An Siiiemtie’ for Auto- 
matic Recording of Disturbances on 
Electric Supply Systems.” 

By: W. T. J. Atkins, B.Sc.(Eng.), 
(This is a joint meeting with the 

Supply Section.) 


Cambridge Radio Group 


Date: December 7. Time: 8.15 p.m. 
Held at: The Cavendish Laboratory, 
Cambridge. 

Lecture : “Three-Dimensional Cathode- 
Ray Tube Displays.”’ 
By: E. Parker, M.A., and P. R. 

Wallis, B.Sc. (Eng.). 
Hon. Sec.: H. G. Booker, Cavendish 
Laboratory, Cambridge. 


North-Eastern Radio and Measurements Group 


Date: December 20. Time: 6.15 p.m. 
Held at: King’s College, Newcastle- 


on-Tyne 
Lecture : e or Radio Group. 
Hon. Sec.: A. Kysh, Carliol House, 


Si 1: 
North-Western Measurements Group 


Date: December 14. Time: 6.15 p.m. 

Held at: The Engineers’ Club, Albert 
Square, Manchester. 

Lecture: ‘‘ An Oscillograph for Auto- 
matic Recording of Disturbances on 
Electric Spry Systems.”’ 

By: W. T. J. Atkins, B.Sc.(Eng.). 

Hon. Secretary : A, Green, 244 
Brantingham Road, Chorlton-cum- 
Hardy, Manchester 21. 


Northern Ireland Centre 


Date: December 14. Time: 6.45 p.m. 

og at: The Queen’s University, Bel- 

ast. 

Lecture: ‘‘ Analysis-Synthesis Tele- 
phony, with special reference to the 
Vocoder.”’ 

By: Bd. igs B.Sc.(Eng.), and 


5 Swaffield, Ph. 


Hon. Secretary: : ‘K. Carrothers, 2 
Abbeydale Park, Ballysillan, Belfast. 


The, Institute of Physics 
Electronics Group 


Date: December 14. Time: 5.30 p.m. 

Held at: The Institute of Physics, 47 
Belgrave Square, S.W.1. 

Lecture: ‘‘ Some Limitations of Par- 
ticle Counting with Electron Multi- 
age and Geiger Counters.”’ 

: Dr. J. D. Craggs, F.Inst.P. 

del December 7. Time: 7.0 p.m. 

Held at: The University of Glasgow. 

Lecture: ‘‘Electrical Discharge Tubes.”’ 

By: F. G. Heymann. 

(This is a joint meeting with Scottish 

Branch.) 

Group Secretary: J. W. Warren, Re- 
search Laboratories, The General 
Electric Co., Ltd., Wembley. 

Scottish Branch 

Date: December 7. Time: 

Held at: The University of Glasgow. 

Lecture: ‘‘Electrical Discharge Tubes.”’ 

By F. G, Heymann. 

(This is a joint meeting with the 

Electronics Group.) 

Date: December 8. Time: 7.0 p.m. 

Held at: The University of Edinburgh. 

Lecture: ‘‘Electrical Discharge Tubes.”’ 

By: F. G. Heymann. 

Hon. Secretary: J. M. A, Lenihan, The 
University, Glasgow, W.2. 


7.0 p.m. 


South Wales Branch 


Date: December 15. Time: 
Held at: The 
Swansea. 
Lecture: ‘‘ Recent Developments in 
Pe ie Physics.”’ 
By: A. H. von vs 
Hon. Secretary: Dr. V. I. Starkey, 
Monmouth Mining Technical College, 
Crumlin, Mon. 


i e: 4 p.m. 
University College, 


British Sound Recording Association 


Date: December 17. Time: 7 p.m. 
Held at: The Royal Society of Arts, 
we Adam Street, Adelphi, Strand, 
-C.2. 


Lecture: ‘‘ Some Physiological Factors 
Be . ity Appreciation.”’ 
E. A. Vetter. 
me ‘Secretary R. W. Lowden, 
“‘Wayford,”’ Revclean Avenue, Farn- 
borough, Hants. 


The Radio Society of Great Britain 


All meetings are held at the Institu- 
tion of Electrical Engineers, Savoy 
Place, . Victoria Embankment, Lon- 
don, W.C.2. 

Date: December 30. Time: 6.30 p.m. 
Annual General Meeting, followed by 
Discussion on: ‘‘ 420 Mc/s. Work.’’ 
Opened by: W. A. Scarr, M.A., 

D. N._ Corfield, D.L.C. (Tns. ‘ 

A.M.I.E.E. 
Secretary: New Ruskin House, Little 

Russell Street, W.C.1. 


The Television Society 
An informal meeting and exhibition 
will be ‘theld at the Cinematograph 
Exhibitors’ Association at 6.30 p.m. on 
December 29. Visitors are admitted on 
introduction by a member. 


Constructors Group 
Date: December 10. Time: 7.0 p.m. 
Held at: The Cinematograph Exhibi- 
tors’ Association, 146 Shaftesbury 
Avenue, W.C.2. 
Lecture: The £15 Television Receiver. 
By: L. J. Osborne. 


Programme Group 
Date: December 7, Time: 7 p.m. 
Held at: The Cinematograph Exhibi- 
tors’ Association, 146 Shaftesbury 
Avenue, W.C.2. 


Lecture: ‘‘ Getting the Newsreel Story 
—At Home and Abroad.”’ 

By: C. De Jeager. 

Lecture Secretary: T. M. C. Lance, 85 
Albemarle Road, Beckenham, Kent. 


Midlands Centre 


Date: December 1. Time: 7 p.m. 

Held at: The Chamber of Commerce, 
New Street, Birmingham. 

Lecture on Studio lechnique in Tele- 
vision. 


By: D. C. Birkinshaw, M.B.E., M.A. 


Hon, Lecture Secretary: Dr. W. 
Summer, 169 Mary Vale Road, 
Bournville, Birmingham 30. 

Brit. 1.R.E. 

London Section 
Date: December 16. Time: 6.0 p.m. 
Held at: London School of Hygiene 


and Tropical Medicine, Keppel Street 
(Gower Street), London, W.C.1. 

Lecture: ‘‘ Physical Applications of 
Microwaves.”’ 

By: J. B. Birks. 

Secretary: G. D. oe 9 Bedford 
Square, London, W.C 


South Midlands Section 
Date: December 16. Time: 7 p.m. 
Held at: The Technical College, The 
Butts, Coventry. 


Lecture: ‘‘ Heating by Centimetric 
Power.”’ 


By: R. Keitley, B.Sc. 
Secretary: C. Stokes, 6 Esterton Close, 
Coventry. 


Merseyside Section 
Date: December 15. Time: 
Held at: The 


6.45 p.m. 
Incorporated Ac- 


countant’s Hall, Derby Square, 
Liverpool 2. 
Lecture: ‘‘ Negative Feedback.”’ 


By: J. Durnford. 
Secretary: J. Gledhill, 
Road, Liverpool 18. 
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Peak-to-Peak Voltmeter 
(F. H. Shepard and E. Osterland) 


Pulses and transients of short dura- 
tion may be measured by an instru- 
ment having extremely high input 
impedance. Pulse-stretching circuits 
are used and an amplifier feedback 
arrangement provides _ substantially 
zero-impedance output. A full-wave 
meter rectifier is used so that peak-to- 
eak values are indicated by the meter. 

he instrument shown covers a range 
of 0.001 V to 1,000 V peak-to-peak. 

—Electronics, October, 1948, p.101.* 


A High-Impedance D.C. Valve 
Voltmeter 
(I. A. D. Lewis and K. Firth) 


A general purpose electronic D.c. 
voltmeter is described.  Full-scale 
reflexion is obtained with inputs of 
+25 or +250 mV, and the input 
impedance and grid current values of 
the order of 10° ohms and 10” A, 
respectively. Currents down to the 
order of 10° A, (full-scale deflexion) 
can be measured by externally connect- 
ing an input resistor of suitable value. 
A backing-off circuit is included, and 
the instrument measures small voltage 
changes about any value in the range 
+g V. An accuracy of within 5 per 
cent. is obtained, apart from drifts in 
zero setting; the latter may have a 
value of up to 10 mV. 

—Jour. Sci. Inst., October, 1948, 

p.840.* 


The Effect of Waveform on the 
Accuracy of Rectifier Type Instruments 
(A. Cunliffe) 


Formulae are derived which show 
the way in which r.m.s. and full-wave 
rectifier type A.c. instruments disagree 
when they are used with a waveform 
consisting of a fundamental plus an 
arbitrary harmonic. The formulae show 
that with worst possible phasing con- 
ditions, the disagreement is a first- 
order effect when the harmonic is odd, 
and a second harmonic effect when the 
harmonic is even. 

—Jour. Sci. Inst., September, 1948, 

p.306.* 


A Sensitive Capacitance Meter 
(D. M. Neale) 


The addition of a reactance valve to 
a crystal oscillator permits observa- 
tions of capacitance changes of 1 part 
in 30,000. Possibilities of using the 
circuit as an input to an amplifier are 
also suggested. 

—Jour. Sci. Inst. October, 1948, 

p.346. 





The Relationship Between the Emission 
Constant and the Apparent Work 
Function for Various Oxide-Coated 
Cathodes 
(H. Jacobs. G. Hees and W. P. Crossley) 


Measurements were made of the 
emission of oxide-coated cathodes on 
six chemically different metal wires 
over a period of 500 hours. An 
empirical emission equation was em- 
ployed which was found to be as 
accurate as the conventional Dushman 
equation and to be simpler to use. It 
was found that the logarithm of the 
emission constant A’ varied as the sum 
of the apparent work function times 
a constant, and the constant 

—Proc. I.R.E., September, 1948, 

p.1,109. 


Positive-Grid Characteristics of a 
Triode (G. W. Wood) 


By operating the grid of a triode at 
a positive potential it becomes a virtual 
cathode discharging electrons with uni- 
form initial velocity, and thus a recent 
theory by Jaffé becomes applicable. The 
positive-grid characteristics of a num- 
ber of radio receiving tubes are 
determined and matched with those 
determined from theory. Agreement, 
satisfactory under given conditions, is 
found in the region of low fplate 
voltages. 

Departure of the experimental curves 
from the theoretical ones is discussed. 
Practical tubes tested do not, by any 
means, correspond to the ideal condi- 
tions of the theory: the electrodes are 
not plane; the electrostatic field is not 
homogeneous; secondary emission from 
the grid is present; contact potentials 
exist; and there is always a velocity 
distribution among the _ electrons. 
Nevertheless. the investigation points a 
way towards a better theory of the 
triode. 

—Proc, I.R.E., June, 1948, p.804. 


A New 100-Watt Triode for 1,000 
Megacycles 

(W. P. Bennett, E. A. Eshbach, C. E. Haller and 
W. R. Keye) 


The design and development of a 
100-watt, grounded-grid triode for 
operation at full ratings up to 1,200 
Mc is described. Unusual mechanical 
design features have been utilised to 
achieve a tube which not only is 
capable of excellent performance at 
ultra-high frequencies. but which can 
also be manufactured by production- 
line methods. 

Circuit and performance data of this 
new tube are given. 

—Proc. LEE. October, 1948, p.1296. 





Development of Theatre Television in 
England 
(A. G. D. West) 


This paper gives an historical review 
of the progress of theatre television 
projection in Great Britain, both before 
and after the war, and will describe 
the design and performance of the 
equipment which has been developed 
for distribution and _ projection of 
television programmes. It will also 
indicate the proposals now being made 
for the setting up of a theatre salevidien 
service in England, first in London, 
and then throughout the country. 

—Jour, S.M.P.E., August, 1948, 

p.127. 


Television Transcription by Motion 
Picture Film 
(T. T. Goldsmith, J. R. and H. Milholland) 


The paper describes the electronic 
and camera equipment for recording 
television sight and sound on film, the 
picture made directly from the face of 
the cathode-ray tube. The application 
of this technique will be discussed with 
regard to documentary recording, net- 
work syndication use, and theatre tele- 


vision. Representative films recorded 
in this manner are available. 
—Jour. S§.M.P.E., August, 194s, 
p.107. 


Automatic Gain Controls for Television 
Receivers 
(K. R. Wendt and A. C. Schroeder) 


The general theory of automatic 
gain controls for television receivers is 
discussed. Several specific circuits are 
described in detail with the advantages 
and disadvantages of each. 

—R.C.A. Review. September, 1948, 

p.373. 


CIRCUITS 


A Low-Noise Amplifier 
(H. Wallman, A. B. Macnee and C. P. Gadsden) 


This paper describes an amplifier cir- 
cuit which yields very low noise factor, 
consisting of a grounded-cathode triode 
followed by a grounded-grid triode. 
The combination is entirely non-critical 
and provides the low noise factor of a 
triode with the high amplification and 
stability of a pentode. Noise factors 
averaging 0.25 db at a carrier fre- 
quency of 6 Mc/s. and 1.85 db at 30 
Mc/s. have been achieved. Typical 
circuit details are given. 

—Proc. I.R.E., June, 1948, p.700. 





* Abstracts supplied by the courtesy of Metropolitan- 
Vickers Electrical Co. Ltd. Trafford Park, Manchester 
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A general-purpose Oscillograph comprising a Double 
Beam Tube operating at 2 KV., a Time Base, Y Deflection 

ision Four transformers - | Amplifiers and Internal Power Supplies. The traces are 


tuned to ae 'T', 
One struck a false note = 
then there were three, 


| presented over the full area of a flat screen of 90 mm. 
| internal diameter. Signals are normally fed via the 
















natic Amplifiers and provision is made for the measurement of 
— the applied voltages upon the calibrated Y-Shift Controls. 
ages oy The Time Base operates repetitively or it can be triggered 
Wag he bay ay Sag a from an external source for single-stroke operation or for 
1948, ‘ ~~ pies Bow. pe oie | continuous scanning at trigger-pulse repetition frequency. 
Ee so thee were two. A calibrated X-Shift Control is provided for the measurement 
of Time. 
ff Model 1428 CAMERA 
Two transformers - 
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sden) One worked but a fittie while - kG / Specially developed for use 
cae. leaving only one. with Cossor Oscillographs, 
ie it provides the simplest 
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iode. or non-recurrent waveforms 
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i | Three-Speed Motor 
PARMEKO of LEICESTER Attachment, Model 1429. 

otitan Makers of Transformers for Electronic and Electrical Further details obtainable on application to 





Industries e A. C. COSSOR LTD., INSTRUMENT DEPT. 7, HIGHBURY, LONDON, N.5 
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for diversity of stock 


A few items taken at random 
from our new 1948 Catalogue 


LOUDSPEAKERS (Cabinet Type) ° 


Mordaunt “ Duplex” twin-unit, Corner —_ 


ducer 98 Gns 
Wharfedale “ Corner Cabinet ” twin-unit . £48 10 
Acoustical Labyrinth “SL15”  .. 5 om £19 10 
Sound Sales “‘ Phase Inverter” .. ar a. £12 10 
LOUDSPEAKERS (Chassis Type) 
Barker “‘ 148,” a unit of outstanding merit . . ae £I5 15 
Wharfedale, in variety—‘ W1oCSB”_.... fA ia © 
“ Golden ” 7 ois £3 15 
*“Wracs ” = es ee 
B.T.H. “ Senior RK ” ; if oe £6 15 
Goodmans * Axiom Twelve ” : = i £8 8 
Vitavox “‘ K12/ lio” £7.00 “ K12/20” .. £11 : 
Rola “‘ G12 61 


£ 
THESE ARE SOME OF THE SPEAKERS DEMON- 
STRATED AND STOCKED AT WEBB’S. 
* * * 


HIGH FREQUENCY EXPERIMENTATION 


We are happy to offer these valves, all new, at very attractive 


prics. THEY ARE NOT VALVES CULLED FROM 
BROKEN-DOWN EX-GOVERNMENT EQUIPMENT. 
807 on 7/3 832 on) i 801 me 8/3 
954 - 4/- 957 - 4/- goo2.. 4/6 
goo3._.. 4/6 i er 3/6 8012... = 18/6 
100TH... 35/- 250TH . 45/- 15E yea. 


These valves will be of interest to both the commercial and 
amateur user—you will never buy them cheaper. 

* * * 
WEBB’S GLOBE 
An up-to-date Globe of the World printed in full colours, 
diameter 13} in., with new Radio prefixes, a handsome 
addition to the living-room, or laboratory. Carriage paid 50/-. 
(Callers, 47/6.) 


* x * 


TELEVISION 


“Home Built Televisor,” revised third edition, 2/6. 
“ Detailed Practical Wiring Diagram,” for same, point-to- 
point connexions, 3/6. 


(Send for our component list for this deservedly 
popular and efficient home constructor’s Televisor.) 


Webb’s Radio, 14, Soho St., Oxford St., London, W.! 


Phone : GERrard 2089. Shop Hours: 9 a.m.—5.30 p.m. Sats. 9 a.m.—I p.m. 
HOS Sir eros eA Se niN Ra 
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ELECTRO -CERAMIC INSULATORS & REFRACTORIES 
TELECOMMUNICATION GEO. BRAY & CO. LTD 
RADIO & ELECTRICAL LEEC 2 ENGLAN 

TRADES 











The “Advance” Type E Signal Generator places an 
instrument of laboratory class within the financial scope 
of every radio service engineer and experimenter. 


The discerning engineer will appreciate its accuracy and stability, its exceptionally 
wide range which covers all frequencies required for radio and television receivers 
and its accurate attenuating system which enables sensitivity measurements to be made 
on highly sensitive receivers up to 60 Mc/s. Send for fully descriptive pamphlet. 






















MENT... but NOT 
‘‘Laboratory”’ 
Price ! 


Range: 100 ~einliond Mc/s 
on fundamen’ 
Accuracy: 

Cdenmnad within + 1% 
Attenuation: Constant im- 
pedance system embodying a 
matched 75 ohms transmission 


line. 
Stray Field Less than 3 
microvolts at 60 megacycles. 
Iuminated Dial : 
Total scale length 30° 
Power Supply 
110-210-230 volts. 

raven & 10” x 78° d 

x x eep. 
Weight : 15 Ibe. 





ADVANCE ee ae LTD., Back Road, Shernhali Street, 


Walthamstow, London, E.I7. Telephone : LARkswood 4366/7. 











ENQUIRIES FOR Deus! 
Dainile \: 


MOULDED RUBBER 
PARTS ARE INVITED 


From the En; ooh, Electrical 

and Motor Industries for . 
Moulded Parts inNatural 

and Synthetic Compounds. 








THE HARBORO RUBBER CO. LTD. MARKET HARBOROUGH 
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TELCON Anti-Microphonic CABLES 


materially assist in the successful design of 
electronic instruments intended for the 
measurement of minute currents of the 
order of 10°! amps. Details of this range 
of ‘Gee’ cables may be had on application. 


= 3 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 


Head Office: 22 OLD BROAD ST., LONDON, E.C.2. Tel: LONdon Wall 3141 
Enquiries to TELCON WORKS, GREENWICH, S.E.10. Tel: GREenwich 1040 
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AUSTINLTE 
CONTROL 


The Austinlite Rotary Switch is 

fitted to the Austinlite Control Panel 
which is supplied with electric 
lighthouse installations, telecommunica- 
tion stand-by plant and other 

vital equipment. 


Full particulars of the Austinlite Rotary 
Switch will be sent on request. 







A 
l aAance. PRODUCT 
i 


AUSTINLITE LIMITED (Proprietors Chunce Brothers Limited) 
Lighthouse Works, Smethwick, 40. Birmingh Telephone: West Bromwich 1051 














ES, the Mycalex Company 

can produce just as much 
hot air with the Mycalex Heat- 
ing Panel and our young friend 
has also realised that Myca- 
therm is the solution to most 
problems involving heat in the 
wrong place . . . Cheap, too. 


MYCALEX HEATING 
PANELS for economical and 
easy heat production. 


MYCATHERM in sheet form 
or machined to shape, for pro- 
tection from constant heat to 
600 A.C. and resistance to arc 
for short periods. 


MY CALEX COMPANY LIMITED 


ASHCROFT ROAD, CIRENCESTER, GLOS. 





MY 17 
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magnet materials are available ? 


* The Darwins Magnet Book comprises 28 
pages of technical data regarding the latest 
magnet materials. It is an invaluable guide to 
the designer and user of permanent magnets and 
will be sent on request to responsible enquirers. 


DARWINS LIMITED - TINSLEY - SHEFFIELD 








THE DARWINS GROUP 


CRAFTSMEN IN FINE STEELS 





M 12 


The ‘CINTEL’ 


UNIVERSAL OSCILLOSCOPE 


A highly versatile laboratory 


instrument of outstanding performance 
Designed on the unit principle the ‘Cintel’ Universal 





Oscilloscope offers a basic instrument which is expandable at 
will to meet your requirements. Units now available include: 


@ Basic unit, comprising console, Cathode Ray Tube and power 
pack and calibration device. 


@ Simple Time Base with frequency range from 5c/s to 200 Kc/s. 


@ Amplitude Stabilised Time Base with calibrated frequency range 





from 5c/s to 150 Kc/s. 
@ A.C. Amplifier with frequency range from 5c/s to 1.5 Mc/s. 
@ D.C. Amplifier with frequency range from oc/s to 5 Mc/s. 
@ Double Beam Switch Untt. 
@ Five Beam Switch Unit. 





LONDON, S.E.26 


Telephone: HITher Green 


REGISTERED TRADEMARK Manufacturers of Scientific Instruments and Photo-electric Cells 


CINEMA - TELEVISION Ltd. 
WORSLEY BRIDGE ROAD, 


4600 
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DRY 


ELECTROLYTIC 


CONDENSERS 





TROPICAL MINIATURES 



































The small dimensions, wide temperature range (-30°C 
CAPACL PEAK ones TYPE ist. to 71° C), and robustness of these fully tropicalised con- 
in uF | VOLTS NUMBER] ecacH densers have proved invaluable to designers of the most 
__[ Body Length} Diameter compact types of portable apparatus. Like the popular 
20 12 ! 3 6 0.34 CE30B 2/6 Hera “Micropack” range, they are of all-Aluminium 
4 ie 3) ’ zie Sie HY plain oil construction and are hermetically sealed into 
5 50 1.9/16 0.34 CE30D 2/6 aluminium tubes by means of neoprene rubber bungs. 
3 100 1.9/16 0.34 CE30E 2/6 ‘ : 
2 150 1.9/16 0.34 CE30G 2/6 Full details are available on request. 
1 350 1.9/16 0.34 CE30N 2/6 
IN THE BEST SETS YOU'LL SEE LIES 


THE TELEGRAPH CONNENSER CO.,LTD. 


ACTON - LONDO . Telephone, ACORN OO6I 
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DELARON 





Fabricate it or machine it from the wide 


range of Delaron grades and thicknesses, 
This laminated synthetic-resin bonded 
board with its desirable electrical qualities, 
mechanical strength, pleasing appearance 
and relatively light weight, offers you not 
only an answer to a present problem, but 
many physical and structural advantages 
as well. The technique of fabricating or 
machining the material is in no way diffi- 
cult. Expert technical advisory service 


freely available. 


La Rue Insulation Ltd. 


IMPERIAL HOUSE, 84/86 REGENT ST., LONDON, S.W.1 
Telephone: Regent 290! Telegrams: Delinsul, Piccy, London 
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—POUND FOOLISH 


The responsibility of a buyer is to buy in the best 
market. Too often this is interpreted as purchasing 
from the cheapest source. With resistors this is 
usually a fatal policy. 

Any premature breakdown of equipment can cost 
more in goodwill than will ever be saved by buying 
the cheapest resistors. True, the buyer can always 
change his source of supply but it may be too late 
to save the good name of his own product. 


In the long run it is far cheaper to specify — 





? 





RESISTORS 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
QUEENSWAY, PONDERS END, MIDDLESEX 


Telephone : Telegrams : 
Howard 1492 Vitrohm, Enfield 
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BR2093-TVI 
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PORTABLE V.H.F. 
COMMUNICATIONS 
EQUIPMENT by B.C.C. 


Te new Model L45 “* Walkie Talkie ’’ is specially 
designed to provide reliable and efficient two-way 
communication over I-5 miles between sets. This 
range is greatly increased when used between a 
mobile or central station and distances of 15-20 miles 
have been obtained with a clear audible signal. 

The Model L45 is but one of the many items of V.H.F. - 
equipment, developed and manufactured by B.C.C. It 
is the result of many years’ experience in the design 
of Miniature Transportable © Communications 
Equipment. 

Other outstanding achievements by B.C.C. in this 
field are the new Low Power Consumption 4-watt 
Mobile and the ‘‘ Handie Talkie.’’ 











PRINCIPAL FEATURES OF THE MODEL L 45. 


Size 94 in. by 4 in. by II in. 

Crystal controlled transmitter and receiver. 
Operates on any spot frequency in the range of 75:100 Mc/s. A.M. 
On/off and send/receive switches mounted on microphone. 
Patented flexible aerial ensuring full mobility to user. 

Strong, sturdy, watertight case. 

Approved by the G.P.O. and now in use by the Police and Fire 
Service. 

We develop and design special V.H.F. systems to your specification. 


Weight 16 Ib. 


Write for full information and catalogues to :— 


BRITISH COMMUNICATIONS CORPORATION LIMITED 
GORDON AVENUE, STANMORE, MIDDLESEX. 
Tel. : GRimsdyke 1455 
Electronic Development and Research Engineers, Contractors to H.M. 
Government, A.1.D. approved 
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Designed for use in 
midget radio receivers 
and other apparatus 
where space is limited, the 
AB—Type M-I is ideally 

suitable for such tasks as 
wave-band and meter switching, etc. 
Small though it is, features such as 
heavily silver-plated brass stator contacts 


Aun ajinb 


and rotor contacts of a special alloy, also 
heavily silver-plated, combine to give 







very low contact resistance, noiseless 
operation and long life. 


Available in all popular switching 
combinations. 


TYPE M-! 
@B) MINIATURE 
ROTARY SWITCH 


Metal Products Ltd.Great South- 


West Road. Feltham, Middlesex 





ateltliKitehi MaoY Sole) Feltham 2865 


“OAK” WAFER SWITCHES, SINGLE OR MULTI-BANK 
TOGGLE SWITCHES FOR ALL PURPOSES e PUSH-PULL 
SWITCHES e ROTARY SWITCHES 
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Sen JorCel 


FOUR Sexfercel ADVANTAGES * 
Whether they are required 


for intermittent or for continuous operation, for light or heavy current, or for high or low voltage, 
SenTerCel SELENIUM RECTIFIERS have four distinct advantages . . . high overload capacity... 
small size and weight . . . wide range of operating temperature and small temperature/resistance 
variation. 

Our engineers are available to investigate your rectifier problems and to suggest exact solution. 
Your enquiries are invited. 


HIGH OVERLOAD CAPACITY @ SMALL SIZE AND WEIGHT @ WIDE RANGE OF 
OPERATING TEMPERATURE @ SMALL TEMPERATURE RESISTANCE VARIATION 


Standard Telephones and Cables Limited 


Selenium rectifiers of all types including Uniplate, 
tubular and spindle mounted stacks. Equipments for 
stationary or vehicle battery charging, electrostatic 
precipitation, aircraft and vehicle engine starting, 
electro-plating and similar electrolytic processes. Power 


supplies for circuit breaking and other operations. 


RECTIFIER DIVISION, OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.1! 
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MINIATURE TIME-DELAY SWITCHES 


Reliable, compact, bimetal switches, glass-sealed and 


evacuated, to operate after a time-delay (such as may be 


needed to allow valive-filaments to heat-up). The switch 
operates on 6.3 volts and switches in a maximum of 1 amp. 
at up to 380 volts AC or 600 volts DC. Time-delay 25 to 100 
seconds. Available unmounted (Type 2TQV) or with English 
miniature 4-pin base (Type 2TQVM). For full specification 


please write for Publication TV10/16. Other time-delay 
switches, Publication MS10/16. 


SUNVIC CONTROLS LTD. 


10 ESSEX STREET, STRAND, LONDON, Ww.c.2. 


TAs/sc 192 





SUNVIC} 
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aAL f a 4 RR. A Cc K COMPLETE CATHODE - RAY 
OSCILLOGRAPH EQUIPMENTS 
@ Single and Multi-channel 


@ F.M. Amplifiers 
A.C. and D.C. 
® Amplifiers 
@ Time-Bases 
@ Time-Markers 
@ Recording Cameras 


@ Pressure and 
Vibration pick-ups 


We make a wide range of 
dard equip to suit all 
Purposes. 


PLEASE WRITE FOR DETAILS 





Special equipments made to 
meet users’ requirements 


SOUTHERN 
INSTRUMENTS 
LIMITED 
FERNHILL, HAWLEY 


CAMBERLEY, SURREY 
Phone: Camberley 1741 

















ALL-POWER 
CONSTANT VOLTAGE POWER SUPPLIES 





SPECIAL LABORATORY UNITS 





This forward mounting Rack Unit, illustrated 
with cover removed, provides a constant output 
voltage of 300 D.C. at any current up to 600 mA. 
The output impedance is a fraction of an Ohm, 
and the residual output ripple is less than 2 mV. 

This is only one of the many special Power 
Supply Units we are making to customers’ 
requirements. 


ALL-POWER TRANSFORMERS LTD. 
8a, Gladstone Road, Wimbledon, S.W.19 
Tel. : LiBerty 3303 
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This three-dimensional model illustrates 
the expansion properties, over a wide range 
of temperatures, of iron containing varying 
amounts of nickel. 

The unique properties of these nickel iron 


alloys make them of importance to designers 





of temperature - indicating and control Model by courtesy of J. Starkie Gardner Ltd. (after Chevenard) 


devices. For further information write to— 
MOND NIGKEL COMPANY LIMITED 
GROSVENOR HOUSE - PARK LANE - LONDON W.1! 


QMI 
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Resistors produced by the cracked 
carbon process remain stable to + 1% 
of initial value. 

Tolerances +1% +2% +5% 


Low temperature co-efficient. 


O 





Melwon 


carbom resistor 


Telephone :? Welwyn Garden 3816-8. 









NEW DESIGNS § 


UIC 


High Stabolly 


CAPACITORS 


in the range of 2 





y.1.6. SILVERED MICA ger CAPACITORS 


sdkanc icone {9 
Type SMS. 102 
suitable for ener 


LF. transformers | 


for $ d 
suite vansformers it 
ieee 





This new type 
Capacitor has 


been specially developed 










‘ 
~-4(4 
7 5 ge 1 d I; te or 
\|le=37) for use as an end pla rms an integral 
ne 
ede pee f the trans! ormer ° 
ae i ij © partor t! : ting, thereby saving space, 
a | ls during mounting, Mer” t 
ry = re tothecol f installing two separate 
Tea. s and the cost 0: : ss 
| Seah ee talso reduces damping arising 7 


capacitors. I : E 
l eddy current losses induced in the 
evitable with normal constructions. 
to suit individual requirements can 





UNITED INSULATOR CO. LTB. 


Telephone: Elmbridge 5241 (6 lines) 


TOLWORTH 


Telegrams : Calanel, Surbiton 


OAKCROFT ROD. SURBITON 


silver layer, in- 
Modifications 
be supplied. 


SURREY 
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This COMPLETE . range will 
meet ALL your normal needs . 


The requirements of the Electronic Industries are many and varied. It is 
to meet such demands that the ‘‘ Somerford ” range of Transformers and 
Chokes exists. No matter whether you are engaged in radio, the manu- 
factur- of industrial or d » or laboratory work, if you are 

king for ts that will give you accuracy ahd dependability atan 
economical cost, you will do well to choose GARDNER products. Research, 
skill and modern thods have been combined to produce 
components that will withstand the most arduous working conditions and 
meet the exacting demands of present day standards. The ‘‘ Somerford” 
range comprises 1/41 different types—a type for every normal need. 


Ready for IMMEDIATE DELIVERY 


Full details and specifications will be sent on request 


GARDNERS RADIO LTD. 


SOMERFORD, CHRISTCHURCH, HANTS 

















TELE-RADIO FOR 


VALVES 


Mullard New Miniature type in B7G bee 6. a We Ree wi 
EY91 half wave rectifier ... 

EC9I V.H.F. grounded grid triode 

EF92 V.M. RF or IF Pentode pede san 

EF9! high slope, sharp cut off Pentode 

EAC91 diode triode for frequency changing up to 300 Me/s. 
EB9I screened double diode 

Separate cathodes 

EL9!I output pentode (I AW. output) .. 

ECC9I double triode Gs 


Voltage Regulators 

VR75/30 

VR105/30 

VR150/30 

Mullard V.H.F. Tretrode 

QVv04/7 

Chromium plated handles, 3 in. centres ee san tot 
WODEN OUTPUT TRANSFORMERS, type H.O.P. 10,000 


ohm A to A to 15 ohm secondary. With an reer: 15 
ohm 10mA feed back winding. Potted type . one 


ELECTRONIC EQUIPMENT 


26/3 


Valves matched in pairs 


PX4... aes ond seh oe ven owe pr. pair 33/- 
P27/S500 (PX25)__... ois a an ous pr. pair 45/- 
KT66 ah pad ge pes aes “8 pr. pair 36/6 
6L6G est ane as the bas be pr. pair 36/6 
6V6 ies Sve a ase ie aig pr. pair 25/8 
PRECISION CONDENSERS—!% or 2% Accuracy 

CM23 100 pF ae eos iat ay ae “ee oe 2/- 
CM24 | ‘000 rr dae bas ean ate bia usa ak 2/9 
SMBM 10, pe a vee até rk Bae 7/6 


WELWYN HIGH STABILITY RESISTORS 
Pius or minus 1% 





SA3622 f-watt—.... ses a6 as aa Pe evs 2/- 
$A3623 ¢-watt—... ae wee aes aie ars oat 2/- 
SA3634 I-watt.... ig aad wae ane “ao ai 2/6 
SA3635 2-watt... aa5 nes us oA iis <a 3/- 
Plus or minus ies 
A3622 4-watt ‘ Nas ae cad ved avi ae 8d. 
A3623 }-watt is ete <a aa ao xa mA 9d. 
A3634 |-watt ose soe ag aed rf arr iis t/- 
A3635 2-watt Ane ee ae ae Sie di ies 1/6 
WODEN 100-watt auto transformer, fully shrouded eal 21/- 


Please include sufficient for Postage and Packing. 


The third: printing of Electronic Engineering ‘‘ The Home Built Televisor '’ Now available price 2/6. Also a point to point wiring diagram 
of the above televisor, price 3/ 


Send now for a complete price list of the components for the Electronic Engineering Televisor. 


Shop Hours : 9 a.m. to 5.30 p.m. (including Saturdays). 


TELE-RADIO (1943) LTD. 


EDGWARE ROAD, 


177a 


9 a.m. to | p.m. Thursday. 


Phones: AMB 5393 
PAD 6116 & 5606 


LONDON, W.2 
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Vhs, : 
R. 1, ‘ 


WOTOVISOL 





= 
en 


Industrial Applications include: 


SMOKE DENSITY INDICATOR 
ee SMOKE ALARM 
~- + -| LIGHTING CONTROL (Dusk to Dawn) 
COUNTING UNIT 
INVISIBLE RAY BURGLAR ALARM 
TURBIDITY INDICATOR 
FLAME FAILURE CONTROL 


RADIOVISOR PARENT LTD 


LONDON, N.W.! 


5905 6 

















1, STANHOPE STREET, 


EUSton 


Telephone 
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LAMINATIONS 


FOR 
All Radio and Electrical Uses 


In Silicon, Dynamo, Intermediate and 
Transformer Qualities 


Permalloy, Mumetal, Radiometal 
Screens for all Electrical Uses 


Transformer Shrouds 
for 35 and 74 Lams 


General Precision Engineers 
Heat Treatment 


Sheradising to the Trade 


Electrical Sound & Television Patents 
Ltd. 


12 Pembroke Street, London, N.1 — 
2/4 Manor Way, Boreham Wood, Herts. — 


TERminus 4355 
ELStree 2138 




















R-R 
PRODUCTS 
lator ners , (G2 aoe 
Glhretrical (Ce seal Char 
Ce ects Ee iclsbisent (Os 


FF caeadecolaning Lor he dauley 
e 


TELEPHONE BRADFORD 24902 


R.R. DEVELOPMENT LABORATORIES LTD 
BARNARD RD . BRADFORD . YORKSHIRE 











The famous high fidelity amplifier for home or music society. Distortion 
level below 0.5 per cent. ensures fidelity, whilst the two channels of bass 
boost give surprising depth to the reproduction, particularly at low volume 
levels. Designed for moving coil or miniature moving iron pick-ups, and 
incorporating a radio socket, the CONCERTO is the ideal reproducer. 


Price £27 10. oO. 


Dust cover with bottom plate and rubber feet 37/6extra. Delivery by passen- 
ger train carriage paid; a deposit (returnable) of 10/- is charged for the crate. 


CHARLES AMPLIFIERS LTD., proudly present ‘‘ LIVING 
MUSIC,”’ their new 16 pp. catalogue, fully illustrated, showing 
their range of amplifiers and tuning units. -No music lover 
should be without a copy. Kindly enclose 5d. in stamps. 


DEFERRED TERMS NOW AVAILABLE. 
T boslat 


AMPLIFIERS 


("e&). le PALACE GATE - KENSINGTON - LONDON - W8. 
Telephone : WEStern 3350 
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You 


get 
years of 





faultless 
because they are :- 
service INDIVIDUALLY DESIGNED 
RIGOROUSLY TESTED 
from Mine MECHANICALLY SOUND 


ELECTRICALLY PERFECT 





Wk Ld oe) et 1 





ba. 7a). 4 LTD. 

















51, NORTHGATE STREET, DEVIZES. Phone 536 
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PHOTOELECTRIC EQUIPMENT 









PORTABLE 
COLORIMETER 


Combines in a robust case the Colorimeter, Microammeter and power 
supply. This instrument provides a simple photoelectric means of accurately 
assessing the colour density of a liquid. Any variations can be immediately 
read on the logarithmic scale of the microammeter. A scientific apparatus 
with many applications in medicine and chemistry. 
TTERY MODEL. Price 26 gns. 
(Complete with accumulator, matched test tubes and filters.) 
AC MODEL. Price 30 gns. 
(Incorporating constant voltage transformer.) 
Write for full particulars of this and other equipment incorporating the famous 
‘* EEL ’* selenium cell. 


EVANS ELECTROSELENIUM LTD., 


Harlow Essex 
BI oe A a RE SS LE 
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E.H.T. 





























a ev from 
eerecnios T f LINE 
aaF | $y FLY-BACK 
— © 
SIMPLE ..EFFICIENT .. RELIABLE 
using 





OREM 


ESTALITE 


TYPE 36 ENT 35 RECTIFIERS 


in a tripler circuit giving an output of approxi- 
mately 6KV at toouA from a peak pulse input of 
about 2,500V. 





Write for details and prices to Dept. E.E. 12 


Westinghouse Brake & Signal Co. Ltd., 
82 York Way, King’s Cross, London, N.1. 


- 














For CONSTRUCTORS 


and CONNOISSEURS 


only, please .... 


The ACOS G.P.12 Crystal Pick-up 
(with permanent sapphire stylus) is 
intended only for those who demand 
perfection in recorded music. 
Editorial reviews in the technical 
radio press have been unanimous in 
their endorsement of the superlative 
reproductive qualities of this remark- 
able pick-up. It can be obtained from 
leading radio dealers for 104/- inc. P.T. 
FREE ILLUSTRATED 
FOLDER describing the 
G.P.12 (and also crystal 
and magnetic models 
for the less exacting) 
may be obtained by 
returning the 
coupon below. 


10 COSMOCORD LTD. 
ENFIELD, MIDDX. 
Please send folder of ACOS Pick-ups. 











NAME... ’ 
ADDRESS * 
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Partridge Hews 


HOME-BUILT TELEVISOR 


All the specified ‘* Partridge '’ components 
are available from stock, as follows:— 
Power-Pack Transformer— 

Sub-Chassis mounting ML/435A ...  92/- 

Super-Chassis mounting DN/435A 105/- 
E.H. Transformer mounting 

VDH/436A .. 77 /- 
Smoothing Choke mounting DL/404A 29/- 
Smoothing Choke mounting DL/40i  17/- 


May we send you our price list of over 100 other 
transformers and chokes available from stock ? 


* + e & 


LONDON SALES OFFICE 


For the benefit of our many friends we have 
made arrangements for the immediate 
supply from stock of small quantities of our 
standard components. hese can be 
collected from our address at King’s Build- 
ings, Dean Stanley Street, Millbank, West- 
minster, S.W.i—Tel.: ABBey 2244—(250 
yards from Big Ben). Hours: 10 a.m. to 
1 p.m. and 2 p.m. to 5.30 p.m. (Mondays to 
Fridays only). Kindly note this address is 
for stock sales only, and all correspondence 
and other inquiries should be sent to 
Peckford Place. 





PARTRIDGE 


TRANSFORMERS LTD 





PECKFORD PLACE, LONDON, S.W.9 
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AVAILABLE FROM STOCK 
SYNCHRODYNE COILS 


As specified for the Senior Model ecgunige 


Per set of 3 cails, unmounted 


THE DECCA PICK-UP 


Model ‘* D,”’ with 8 in. arm oo, 6 14:4 
we eS 


Mode! ** D,”* with 12 in. arm 
(Prices inclusive of Purchase Tax) 


Send for our illustrated leaflets dealing with the 
Williamson Amplifier, and our range of Bass 


Reflex Cabinets. 


ROGERS DEVELOPMENTS CO. 


106, Heath came | Hampstead, London, 


HAMpstead 6901 











WE OFFER 
A large range of used and new Test 
Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc. 


All guaranteed and at very attractive 
prices. 





We buy good modern used onde 
ment of all types for spot cash 
UNIVERSITY RADIO LTD. 
22 LISLE STREET, LONDON, W.C.2. 
Tel. GER 4447 and GER 8582. 




















Silver 


FOR METALLIZING 





All Enquiries to our NEW ADDRESS— 


42, TOWNGATE STREET, 


POOLE, DORSET 


Telephone No. Poole 1241 


Liquid 


IMMEDIATE DELIVERY OF GRADES 


CERAMICS, MICA, 
GLASS & PLASTICS 
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POTENTIOMETERS 





NG 


Type P.1.W. Power Wire-Wound 


RATING RANGES 
20 Watts Max \ 10-500,000 2 Max. (linear) 





(linear) 150-250,000 2 Max. (graded) 
15 Watts Max. ( 100-50,000 2 Non-inductive 
(graded) 
Characteristics: Linear, tapered, graded, 
log , semi-log., inverse log., non-inductive, etc. 
Full detai!s from 


RELIANCE 


eevee ay Co. (Southwark) Ltd. 
Sutherland Rd., Higham Hill, Walthamstow E.17 


Telephone : Larkswood 3245 ; 
AMBITIOUS 





ENGINEERS 





Have You had Your 
Copy of “ Engineering 
Opportunities ” ? 


Whatever your age or experience 
A must read this aigaly 
ormative guide to the best 

paid Engineering posts. 


The Handbook’ contains 
particulars of .M.I.C.E., 
A.M.I.Mech.E., A.M.I.E.E., 
A.M.I.M.1., A.M.Brit.LR.E., 
and other important Engineering 
Examinations, and _ outlines 
home-study courses in all 
branches of Civil, Mechanical, 
El ical, Automobile, Radio 
and Aeronautical Engineer- 
ing. Government Employ- 

Draughtsmanship, 
Building and Plastics, Mat- 
riculation, etc. 


WE GUARANTEE, 
** NO PASS-NO FKE”’ 


If you are earning less than £10 a week 
ou cannot afford to miss reading 
mgineering Opportunities.’ It 
tells you everything you want to know to secure 
our future. Write for your copy of this en- 
ightening guide to well-paid posts NOW—FREE 
and without obligation, 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 


337E, SHAKESPEARE HOUSE, 17, 18, 19, 
STRATFORD PLACE, LONDON, W.1 
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TRANSIENT EVENTS 
ARRESTED 


The first Avimo Oscillograph was a specially 
buile Camera satignes to provide records 
of Cathode Ray Traces to a scale which 
permitted accurate measurement, side by 
side, on continuous film, so that precise relationships could be determined. 
Success in this specialised field led to demands for Cameras to record other 
kinds of transient events, so that within the Avimo range listed below there 
are, to-day, Instruments to meet nearly any requirement of the Research or 
Laboratory worker. The wide experience gained in the course of this 
development is at your disposal and Avimo engineers will be glad to submit 
suggestions if you will state your problem. 





GROUP FUNCTION 





A. Continuous Recording. , For recording oscillograph traces on 
35 mm. or 70 mm. film. 


B. Single Shot. For use where phenomena are constant. 
Seeghe: 





Cc. Comb i Provides the functions of Groups A or B 
and Single Shot. as desired. 
D. Drum. For high-speed drum recording of high- 


frequency phenomena on 35 mm. film. 

E. Multi-Channel Recorders. With built-in Cathode Ray tubes for con- 
tinuous recording of up to | 5 traces. 

Provides a pictorial record of several 
variants over a period of time. 


F. Instrumentation Cine. 














There is no reasonable — 

limit to the film speeds 

which may be provided 

and recorders of Groups 

A, B, C & D may be used 

in conjunction with any 

standard oscillograph, AVIMO LIMITED, TAUNTON (SOM.), ENG. 


Ecaienie Teal * | 85 














ELECTRONICS 


SCHOLARSHIPS 
offered by 
ELECTRIC & MUSICAL INDUSTRIES LTD. 
' (“H.M.V.”, Marconiphone, Columbia.) 
There are two scholarships : 


I. 3-yr. WHOLE TIME DAY COURSES 

commencing April 1949, covering City 

. & Guilds Full Technological Certificates 

in Telscommnumications Eagieseri and 

including one year in the works at Hayes. 

2. Group of four of our POSTAL 

COURSES a City and Guilds 

Final Certificate in Telecommunications 
Engineering. 


Final date for receiving nominations from County 
Education Authorities December 31st, 1948. In 
addition to the 3-yr., there will be a 2-yr. course 
commencing on the same date and a 

few vacancies still remain on both 

courses. Full particulars of attendance 

and postal courses are contained 

in FREE BOOKLET obtainable 

from : 


E.M.I. INSTITUTES LTD. 


Dept. 16, 43 Grove Park Road, Chiswick, London, W.4. 


Telephone CHiswick 4417/8 
8.103 




















Robust moving iron 
Instruments. Suitable for 
the Electrical Contractor 
or Automobile Electrical 


Engineer. 
Size : 33° x 33" x 24" overall. 
Complete. with carrying strap. 





‘These combined instruments 

are made in many standard 

Write for illustrated ranges. Combination examples : 
folder and price list’ 260V_ A.C. or D.C. 
of complete range ISA _ A.C. or D.C. 
25V_ A.C. or D.C. 
25A AC. or D.C. 

Other combinations to order 


Prop. V.1.C. (Bournemouth) Ltd. 


MIDLAND TERRACE - LONDON - N.W.10 
Telephone : ELGAR 7871/2 

















NEW LOW COST HIGH VOLTAGE 
R.F. POWER UNITS 


Designed for use in equipment requiring a high voltage at ow 
current, this type of power unit consists of an H.F. oscillator 
and transformer. Fully screened units are now available for 
outputs between 5KV and 25KV, the illustration being of the 
8KV transformer, 5 in. high. 

Amongst the more obvious applications are: Television, 
Paintspraying, Dust Remo in air-conditioning plant, 
Electron Microscopes, Diffraction Cameras, Nuclear Research, 
Radar, Breakdown. Testing. 





Full design and production facilities are at the service of the Trade 
from whom enquiries are welcomed. 


HAZLEHURST DESIGNS LTD.| 


186, Brompton Rd., London, S.W.3. Tel. : KENsington’7793 











LASSE eae sed tne 





As from Monday, November 8th, 
1948, list prices of most Erie 
electronic components are reduced 
by a minimum of 3d. in the shilling, 
e.g. e 


CARBON RESISTORS 


Standard Types 
Old New 
Price Price 
each each 


Type 9 Insulated = | 4d. 

Type 8 Insulated a ae rv 4d. 

Type 2 Non-insulated as Se 

Type | Non-insulated ons’ OS 1/0 

Type 0 Non-insulated 6 ae 1/6 

CARBON RESISTORS 

Miniature Types 

Type 58 Non-insulated ps A a. 

Type 16 Insulated 1/6 9d 
RESISTOR KITS 

1R.48 (48 type 8) ... -- 24/0 16/0 

1R.96 (96 type9) ...  ... 48/0 32/0 

TYPE MM CARBON TRACK 
POTENTIOMETERS 

SKC.2061 Non-switch -- - 4/6 3/0 

SKC.2062 Single-pole switch .. 6/6 5/0 

SKC.2063 Double-pole switch ... 7/6 6/0 


but, Wholesale and 
Retail Discounts 
remain unaltered 


A full list of the reductions can be 
obtained from all leading wholesalers, 
or direct from the manufacturers. 


ERIE RESISTOR Ltd. 


CARLISLE RD., THE HYDE, LONDON, N.W.9. 


Factories : London ¢» Gt. Yarmouth, Eng., 
Erie, Penn., U.S.A., Toronto, Canada. 
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Head Office: Eastwood, Hanley‘ 
Staffs., London : 125, High Holborn, 
W.C.1. Factories at Hanley, Stone 
and Longton. Staffs. Phone : Holborn 
1951-2 and Stoke-on-Trent 5272-4, 
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New Laboratory Standards 


| New ranges of the famous Weston 12 inch scale laboratory 
standard instruments have now been developed. These con- 
sist of dynamometer wattmeters, ammeters and voltmeters for 
A.C. and D.C. circuits and moving coil milliammeters, millivolt- 
meters, ammeters and voltmeters for D.C. circuits. All these 
instruments are designed and built for precision laboratory 
measurements and have a guaranteed accuracy of 0.1°, of full 
scale deflection. They are housed in sturdy polished wooden 
cases fitted with a bakelite top panel and have 12 inch vernier 
scales. They are provided with levelling feet, a spirit level and 
a self-contained thermometer which indicates the true tem- 
perature of the moving system for measurements of extreme 


accuracy. Please write for full details. 


SANGAMO WESTON LIMITED 


GREAT CAMBRIDGE ROAB, ENFIELD, MIDDLESEX 
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